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REAUTHORIZATION OF THE NATIONAL
SCIENCE FOUNDATION

WEDNESDAY, MARCH 23, 1994

U.S. Senate,
Committee on Labor and Human Resources,

Washington, DC.
The committee met, pursuant to notice, at 10:01 a.m., in room

SD-430, Dirksen Senate Office Building, Senator Edward M. Ken-
nedy (chairman of the committee), and Senator Barbara Mikulski,
co-chairing.

Present: Senators Kennedy, Mikulski, and Gregg.

Opening Statement of Senator Kennedy

The Chairman. We will come to order.

Today's hearing is being chaired by Senator Mikulski and myself,
and we are delighted to have the opportunity to have this hearing
on the reauthorization of the National Science Foundation.
When Congress originally passed this legislation in 1950, they

aptly called the new entity a foundation, not an agency. In the half-
century since then, research supported by the NSF has indeed
served as the foundation of national progress in science and tech-
nology. It laid the basis for our modern high-tech industries and
our research universities, and they are the envy of the world.

Laboratories and industries depend on technically trained people.
The National Science Foundation's programs have played a leading
role in educating the workers, scientists, and engineers, who main-
tain our economic growth.
As the need for research and growth has changed, the National

Science Foundation has grown and changed, too. In 1968, this com-
mittee adopted legislation to enable the Foundation to support ap-
plied research. In 1976, we created the Foundation's office of Small
Business Research and Development, to support cutting-edge re-
search in technology-intensive firms. This office became the model
for the highly successful Small Business Innovation Research pro-
grams throughout the Government.
Congress has also strongly supported NSF programs to improve

education in mathematics, science and engineering from kinder-
garten through graduate school. The Excellence in Mathematics,
Science and Engineering Education Act of 1990 directed the Na-
tional Science Foundation to support initiatives for the system wide
improvement of science education.

(l)



The National Science Foundation budget has grown as well.

Today we are discussing authorization levels of more than $3 bil-

lion as an investment in research and education.

The world has changed dramatically in the 5 years since we last

reauthorized the National Science Foundation. The Cold War has
ended. The Nation's economic leadership is increasingly challenged

by other countries, and often they have used our research to create

new commercial products of their own. Our high school and college

graduates worry about finding jobs that pay a living wage. The
rapidly changing global economy is producing serious dislocations

here at home.
In the crisis of the moment, it is easy to overlook our long-term

interest. Today's basic research and education are the building

blocks of tomorrow's economic success. In legislating on the Na-
tional Science Foundation, we must plan ahead well enough to be
sure that the Foundation's programs provide the knowledge and
trained people we need to lead the Nation into the next century.

I commend my colleague, Senator Mikulski, for her leadership in

stimulating consideration of these vital issues. I look forward to the

testimony of our witnesses and to working with the committee and
many others in Congress to see that the NSF continues to play its

essential role in maintaining our leadership in science and tech-

nology.

Senator Mikulski.

Opening Statement of Senator Mikulski

Senator Mikulski. Thank you very much, Senator Kennedy. It is

a delight to co-chair this hearing with you as a member of the Ap-
propriations Committee, which has generated so much discussion

on my views of science funding.

I believe Dr. Lane and others know mv views, and I am going

to ask unanimous consent that my full statement go into the

record, acknowledging that we have a vote at 11:30. I think it is

more important that we hear from Dr. Lane and the other wit-

nesses.
I look forward to working with you on the reauthorization.

[The prepared statements of Senators Mikulski and Pell follow:]

Prepared Statement of Senator Mikulski

Good morning. The committee will come to order. Today we meet
to review the programs and policies of the National Science Foun-
dation.

As everyone here today knows, last year brought a great deal of

change in the Federal Government's approach to science policy. My
appropriations subcommittee, which funds NSF, is at the forefront

of advocating that change—to focus more of our scarce research

dollars to accomplish important national goals that will help our

economy and its workforce.
The subcommittee's language last year on, "the Future of the

NSF', sparked a great deal of discussion and debate—both pro and
con—in the science community. It was designed to do so.

The United States of America has entered a new era at the end
of the Cold War. Our greatest security threats are now more often



economic than they are military ones. And the end of the national

defense as a justification for so much of the science we've funded,

since the end of the World War II, has led to high levels of anxiety

in the academic research circles.

In a speech I gave recently at the National Academy of Sciences,

I laid out the following principles which I believe NSF should fol-

low to get ready for the 21st century:
—First, I'm promoting a change in the scientific community. It's

a call for more NSF support for industrially oriented basic re-

search, that is, more "strategic" research that would generate sci-

entific knowledge to meet national goals. And at the same time, set

milestones and ways of evaluating our efforts.

—Second, NSF should be structured less like a university and
more like NIH. NIH is grouped around strategic areas to treat and
cure diseases and illness.

Research institutes, such as NIH, range in research activities

—

from the basic aspects of life to the most applied activities that lead

to stunning breakthroughs. Structuring research in this way allows

us to think of initiatives in an organized manner and yet be flexible

enough to move where scientific opportunity takes us.

—And finally, we must educate our scientists for workforce readi-

ness. We must train our scientist and engineers, whether they are

undergraduates or PhD candidates, so they are ready to work in

strategic areas in the private sector.

I believe that there is a new paradigm emerging on how science

is conducted and how it is organized. It's based upon the principle

that science should lead to new ideas. Ideas lead to new tech-

nologies, new technologies lead to new jobs. All this enhances our
standing in the global market.

I look forward to continuing the discussion today with the sci-

entific and academic community through our panelists and the tes-

timony of Dr. Neal Lane, the new Director of the National Science

Foundation.
First, we will turn to Dr. Lane, for his remarks on what NSF has

been doing and what NSF plans, to do and then we will move to

the second panel.
Dr. Lane we are seeing a lot of each other these days. I welcome

you before the Labor Committee today.

Dr. Lane is the former provost of Rice University and is the

tenth director of the National Science Foundation. He is here today
to share his hopes and his priorities for NSF.
You may summarize your remarks so we may proceed to ques-

tions before turning to the next panel. I look forward to your com-
ments this morning.

Prepared Statement of Senator Pell

I thank the co-chairmen, Senators Kennedy and Mikulski, for

holding this hearing today on the reauthorization of the National
Science Foundation. As we move toward the 21st century our na-
tional commitment to science and scientific research must remain
strong. Although the National Science Foundation is only a small
part of our overall Federal research and development effort, NSF-
supported projects have played a large role in our nation's contin-

ued advancement in the science and engineering fields.



I am delighted to note that the Administration shares this senti-

ment and has recommended increased funding for the National
Science Foundation.
As Chairman of the Subcommittee on Education, Arts and Hu-

manities, I am particularly interested in science education initia-

tives. I am aware that a significant portion of the Federal invest-

ment in science education at all levels comes from the Foundation,
and I am pleased to know that the National Science Board Com-
mission has recommended that NSF continue to make science and
engineering education a priority. As I have said before, it is the
people that are the source of technological innovation. We cannot
afford to waste our human resources if we are to remain a world
leader in science.

I would like to welcome all the witnesses to todays hearing and
I look forward to hearing your testimony.

The Chairman. In that spirit, we will include the very expansive
introduction of Dr. Lane, with his very extraordinary background
and experience. The country is fortunate to have his services.

We are pleased to welcome Dr. Neal Lane to his first appearance
before this committee.

Dr. Lane, who is a native of Oklahoma, holds three degrees from
the University of Oklahoma. He has an outstanding research
record in theoretical atomic physics and has published many widely
cited papers in the field. Most of his academic career has been
spent at Rice University, although he has held several distin-

guished visiting appointments.
In 1979, he served for a year as Director of the Physics Division

at the National Science Foundation before returning to his position

in the Physics Department of Rice University. In 1984, he left Rice

to serve as Chancellor of the University of Colorado, at Colorado
Springs, and returned to Rice to assume the position of Provost and
Professor of Physics in 1986.

Dr. Lane, we look forward to hearing your views on the role of

the National Science Foundation in the national research enter-

prise.

We look forward to your testimony, Dr. Lane.

STATEMENT OF NEAL LANE, DIRECTOR, NATIONAL SCIENCE
FOUNDATION

Mr. Lane. Thank you, Mr. Chairman, Madam Chair, for the op-

portunity to testify today on the reauthorization of the National
Science Foundation.
The President and Vice President have repeatedly emphasized

investment in research and education as a critical ingredient in en-

suring the long-term economic growth of the Nation. NSF is a focal

point for many issues of concern to the Nation's science and engi-

neering research and education enterprise, and our reauthorization

provides a very important opportunity to discuss these issues.

Although I was confirmed by the Senate as director of the NSF
only last October, my personal experience at the Foundation goes
back about 15 years. In 1979 and 1980, while you, Mr. Chairman,
headed up first a special subcommittee on the NSF and then later,

the Subcommittee on Health and Scientific Research, I served as

director of the Division of Physics at NSF. Having two terms of



service at NSF, with a decade and a half between them, gives me
a distinct perspective on the changes that have occurred at NSF as

it has evolved over the years.

So I would like to take this opportunity to highlight some of the

changes that have occurred at NSF in the 15 years since I first

came to the Foundation. Then I would like to spend a few minutes
examining some of the challenges that we are facing in the near
future.

Since I left the National Science Foundation in 1980, the agency
has been enriched by the establishment of three new directorates

—

in engineering, in computer and information systems, and engi-

neering, and in social, behavioral and economic research.

When I first came to NSF, it was an agency of about 1,200 em-
ployees who processed about 10,000 proposals annually. Today,
roughly the same number of employees process more than 30,000
proposals per year. During that period, our budget has more than
tripled to its current level of $3 billion.

Not only has NSF grown dramatically, but our priorities have
evolved as well. We have gone from providing about $30 million a
year in 1980, for what was then the science and engineering edu-
cation directorate, to allocating more than $500 million to its suc-

cessor, the education and human resources directorate. I will talk

about this change in some detail in a few moments.
When I first arrived at NSF, the Foundation was in the early

stages of developing research centers where university and indus-

try researchers could collaborate on problems of mutual interest.

Today, NSF provides support for more than 160 centers serving as

focal points for collaborative efforts jointly supported by States, in-

dustries, and academic institutions. Many of the research activities

in these areas were in their infancy, or not even imagined, 15 years
ago.

NSF today is larger; it is more diverse in its programs and activi-

ties, and it is better connected to the world outside of the research
university than it was when I first arrived. These programmatic
changes have strengthened the research community substantially,

and now we are challenged to respond effectively to profound exter-

nal changes in our society.

These external changes—the end of the Cold War, challenges to

our economic competitiveness, demographic changes, and persistent

budget deficits, to name a few—have had a number of important
consequences for the research and education community.
For example, there has been a growing appreciation that feder-

ally-funded research and education cannot be insulated from larger

national policy issues. This acknowledgment has been accompanied
by a recognition of the importance of setting research priorities

that are relevant to national goals. Future science and engineering
research that relies on public funding must be justified in terms ac-

cessible to and valued by ordinary citizens.

It turns out that we have an outstanding case to make for public

support. Our research and education activities do make a dif-

ference—but we need to make our case more forcefully than we
have in the past. To those of us who are in daily contact with feder-

ally-funded basic research, it is obvious that it is having a positive

impact. It is very evident to us that there are connections between



our investments in basic research and the development of informa-
tion superhighways, new manufacturing technologies, and a better
understanding of global change, including the impact of human be-

havior on the environment. It is equally evident that the seeds of

basic research pay large economic dividends in many areas.

Part of the difficulty we face in making our case to the public is

the complexity of the discovery process. The personal computer
that sits on desks in virtually every office and school in the country
is an example. It does not occur to most of us to think about the

personal computer as growing out of fundamental research in ma-
terials and mathematics and human factors and electronics. Nor
does it occur to us that many of these advances were the direct or

indirect results of federally-funded research.

Basic research discoveries and technology advances are the re-

sults of very complex processes that build on each other. When we
fund research that seeks to advance our understanding of theoreti-

cal issues like the nature of matter or the origin of trie universe,

we are funding part of a discovery process that has very real impli-

cations for practical problems in areas such as signal detection,

software development, communications technology, large-scale data
management, and computer imaging.
One of the ways we are making these interconnections more ob-

vious and more productive is by organizing research around strate-

gic themes. These themes cut across traditional disciplines, making
connections with national priority areas that bridge research fields

and coordinate research within NSF and with other Federal agen-
cies.

Our current budget request reflects a planning process that

places increasing emphasis on research and education that is rel-

evant to these national priorities. It is worth noting that of the in-

cremental funds we are requesting for the coming fiscal year, more
than three-quarters of that funding will go for research and edu-
cation in the following strategic areas: global change research;

high-performance computing and communication; advanced manu-
facturing technology; advanced materials and processing; environ-

mental research; biotechnology; civil infrastructure systems;

science, mathematics, engineering and technology education.

Of the $8 billion in the President's science and technology invest-

ment package, NSF accounts for more than one-third. The areas

targeted for growth within NSF represent research fields that show
promise for exciting near-term discoveries that also have near-term
potential for application.

A more detailed discussion of our budget proposal is attached to

my formal written statement, which I ask be included in the

record.

The Chairman. It will be so included.

Mr. Lane. I would like to spend just a few minutes now discuss-

ing the last item on the list of strategic priorities—the science,

mathematics, engineering and technology education activity. With-
in this area, we expect to invest $650 million next year in a num-
ber of programs that will lead to improving the education of the

coming generation. This is because education in a very real sense

is at the core of what we do at NSF. And in a rapidly changing
world, we must focus attention on education that prepares people



for work in an increasingly technology-driven environment. We
must educate students in ways that provide them with problem-

solving skills and that will be useful throughout their lives, regard-

less of the changes that technology brings to the workplace.

We have determined that it is worthwhile to develop alliances

with the States in order to initiate bolder, more sweeping and sus-

tainable improvements in their educational systems. To do so, we
have formed partnerships with 25 States and Puerto Rico through

our statewide systemic initiatives to design and implement com-

prehensive changes in their teaching of math and science.

NSFs systemic reform efforts are part of the administration's

commitment to help States reform our elementary and secondary

educational system through Goals 2000.

NSFs role as the catalytic agent for change has been very suc-

cessful in generating interest in systemic change. As a result, we
have extended this approach with our urban systemic initiatives,

focusing on cities with large numbers of at-risk youth, and the

rural systemic initiative, which addresses the special needs of eco-

nomically disadvantaged rural regions.

We have also instituted an advanced technological education pro-

fram, thanks to legislation sponsored in this body by Senator Mi-

ulski, to promote improvement in secondary school curricula and
instruction to help in the transition from school to the high-per-

formance work force. This program recognizes that the highest-

quality science, mathematics, and technology education must be

provided to students who plan careers that do not involve 4-year

colleges.

Finally, our alliances for minority participation, the AMP pro-

gram, is making great strides in boosting the science, engineering

and mathematics enrollment of under-represented minorities.

When we began the AMP program in 1991, underrepresented mi-

norities accounted for about 14,000 baccalaureate degrees in

science, engineering, and mathematics annually. Our 15 AMP con-

sortia, the oldest of which has been in operation iust over 2 years,

have already produced a net increase of 1,500 baccalaureate de-

grees to minorities.

I have spent a lot of time on education because NSF takes very

seriously our responsibility across the spectrum of mathematics,

science, engineering and technology education. We will not have a

capable work force in the future if we ignore this responsibility

now, nor will we have developed the talent required for the next

generation of researchers, unless we pay careful attention to the

policies—implicit and explicit—that guide science, mathematics,

engineering, and technology education from kindergarten through

postdoctoral work.
Let me conclude by briefly discussing a related issue, and that

is the need to repair, renovate, and modernize academic research

laboratories and instrumentation. NSF currently provides a little

more than nominal assistance for infrastructure. To do more within

our current budget would seriously skew NSFs highest priority,

which is putting people first.

In September, NSFs next report on the academic research infra-

structure will be available to provide an up-to-date assessment of

the needs. I have talked with Dr. John Gibbons, Director of the Of-
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fice of Science and Technology Policy, about the need to consider
academic infrastructure issues on a Government-wide basis, and I

have recommended that this issue be reviewed by the National
Science and Technology Council.

Revitalizing the academic research infrastructure requires the
cooperation of all Federal agencies, as well as the support of the
States, universities, and the private sector entities that fund aca-
demic research. NSF has been a leader in supporting merit-re-
viewed infrastructure modernization activities, and we will con-
tinue our efforts to upgrade facilities while we work to develop a
more inclusive approach.

In conclusion, Mr. Chairman, Madam Chair, I appreciate the op-
portunity to provide you with a summary of some of the important
work being supported at NSF.

I look forward to working with you and your committee to make
NSFs contributions to the Nation even more significant in the fu-
ture than they have been in the past.
Thank you very much. I will be very pleased to respond to any

questions you might have.
[The prepared statement of Mr. Lane follows:]

Prepared Statement of Dr. Neal Lane

Thank you, Mr. Chairman, for the opportunity to testify today on the reauthoriza-
tion of the National Science Foundation. The President and Vice President have re-
peatedly emphazised investment in research and education as a critical ingredient
in ensuring the long-term economic growth of the nation. NSF is a focal point for
many issues of concern to the nation's science and engineering research and edu-
cation enterprise, and our reauthorization provides a very important opportunity to
discuss these issues.

Although I was confirmed by the Senate as Director of NSF only last October, my
personal experience at the Foundation goes back almost 15 years. In 1979 and 1980,
while you, Mr. Chairman, headed up, first a special subcommittee on the NSF and,
then later, the Subcommittee on Health and Scientific Research, I served as Direc-
tor of the Division of Physics at NSF. Having two terms of service at NSF with a
decade and a half between them gives me a distinct perspective on the changes that
have occurred as NSF has evolved over the years. It's somewhat like going overseas
for an extended visit. Even Though you might read the newspaper and generally
try to keep up with what is going on, you are still subject to a bit of culture shock
when you get back.
The culture shock I've undergone since taking over as Director has been mostly

positive, but real. I'd like to take this opportunity to bring us all up to date on some
of the changes that have occurred at NSF in the 15 years since I first came to the
Foundation, then I would like to spend a few minutes examining some of the chal-
lenges we are facing in the near future.

Last October I came back to an NSF that was very different from the one I left

in 1980. For starters, the agency has been enriched by the establishment of three
new directorates—in Engineering, in Computer and Information Systems and Engi-
neering, and in Social, Behavioral and Economic Research.
When I first came to NSF, it was an agency with about 1,200 employees who proc-

essed 10,000 proposals annually. Today, the same number of employees process
more than 60,000 proposals every year. During that period our budget has more
than tripled to its current level of $3 billion.

Not only has NSF grown dramatically, but our priorities have evolved as well.
We've gone from providing about $30 million a year in 1980 for what was then the
Science and Engineering Education Directorate, to allocating more than $500 mil-
lion to its successor, the Education and Human Resources Directorate. I'll talk about
this change in some detail in a few moments.
When I first arrived at NSF, the Foundation was in the early stages of developing

research centers where university and industry researchers could collaborate on
problems of mutual interest. Today, NSF provides support to more than 160 centers,
serving as focal points for collaborative efforts jointly supported by states, industries
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and academic institutions. Many of the research activities in these areas were in

their infancy, or not yet even imagined 15 years ago.

The NSF today is larger, more diverse in its programs and activities, and better

connected to the world outside of the research university than it was when I first

arrived. These programmatic changes have strengthened the research community

substantially and now we are challenged to respond effectively to profound external

changes in our society.

These external changes—the end of the Cold War, challenges to our economic

competitiveness, demographic changes, and persistent budget deficits—to name a

few, have had a number of consequences for the research and science education com-

munity.
We can no longer expect that Federally supported research will automatically in-

crease every year. Ana there is a growing appreciation that Federally funded re-

search and education cannot be insulated from larger policy issues. In recent years,

the research community has grown to appreciate the importance of coordinating of

Federal research, first through the FCCSET process and now in a much more com-

prehensive fashion through the President's National Science and Technology Coun-

cil.

There is also an awareness that excellence in the evaluation and conduct of re-

search and education is a necessary, but not sufficient, justification for the work we
support at NSF. Finally, there is growing acceptance that setting research priorities

that are relevant to national goals is crucial for developing the public support need-

ed to maintain our work.
Many researchers who came of age in the post-war era grew up with the view

that because science seeks to discover and understand the mysteries of nature

—

which is a positive good for society—then research has an intrinsic value that re-

quires no further justification.

This view is changing to a recognition that while advances m knowledge and un-

derstanding represent a positive good to society, public support for our efforts re-

quires that we justify these requests in terms accessible to, and valued by, ordinary

citizens

Simply because research is a public good, it does not follow that researchers can

lay claim to every available discretionary dollar. Current budget pressures make it

all the more important that the research community make its case to the public that

the benefits of research serve to improve the quality of people's lives in concrete and

understandable ways.
It turns out that we have an outstanding case to make. The research and edu-

cation activities we support do make a difference—but we need to make our case

more forcefully than we have in the past. To those of us who are in daily contact

with Federally funded basic research, it is obvious that it is having a positive im-

pact on our lives. It is very evident to us that there are connections between our

investments in basic research and the development of information superhighways,

new manufacturing technologies, and a better understanding of global change, in-

cluding the impact of human behavior on the environment. It is equally evident that

the seeds of basic research pay large economic dividends in many areas.

But we often erroneously assume that the effect of these investments is as evident

to the public as it is to us. Part of the difficulty we face is the complexity of the

discovery process. The personal computer that sits on desks in virtually every office

and school in the country is an example. It doesn't occur to most of us to think

about the personal computer as growing out of fundamental research in materials

and mathematics and human factors and electronics. Nor does it occur to us that

many of these advances were the direct or indirect result of Federally funded re-

search.

Basic research discoveries and technological advances are the results of very com-

plex processes that build on each other. Even in fundamental research areas there

are multiple interconnections among our work. When we fund research that seeks

to advance our understanding of theoretical issues like the nature of matter or the

origin of the universe, we are funding part of a discovery process that has very real

implications for practical problems in areas such as signal detection, software devel-

opment, communications technology, large scale data management, and computer

imaging.
.

One of the ways we are making these interconnections more obvious and more

productive is by organizing research around strategic themes. These themes cut

across traditional disciplines, making connections with national priority areas that

bridge research fields and coordinate research within NSF and with other Federal

agencies.
Our current budget request reflects a planning process that places increasing em-

phasis on research and education that is relevant to national priorities. It is worth
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noting that of the incremental funds we are requesting for the coming fiscal year,
more than three quarters of that funding will go for research and education in the
following strategic areas:

—Global Change Research
—High Performance Computing and Communication
—Advanced Manufacturing Technology
—Advanced Materials and Processing
—Environmental Research
—Biotechnology
—Civil Infrastructure Systems
—Science, Mathematics, Engineering and Technology Education
Emphasis in these areas reflects the President's priorities for investing in re-

search and education that will allow the United States to maintain world leadership
in science, mathematics, and engineering, while at the same time providing the
basis for long-term economic growth that protects the environment. Of the $8 billion
in the President's Science and Technology Investment package, NSF accounts for
more than one third. The areas targeted lor growth within NSF represent research
fields that show promise for exciting near-term discoveries that also have near-term
potential for application.
A more detailed discussion of our budget proposal is attached at the end of this

statement.

HUMAN RESOURCES

I would like to spend a few minutes discussing the last item on the list of strate-
gic priorities—the Science, Mathematics, Engineering and Technology Education ac-
tivity. Within this area we expect to invest $650 million next year in a number of
programs that will lead to improving the education of the coming generation. The
majority of this funding will come from our Education and Human Resources Direc-
torate, but a significant proportion comes from each of the other directorates as
well.

This is because education, in a very real sense, is at the core of what we do at
NSF. And in a rapidly changing world we must focus attention on education that
prepares people for work in an increasingly technology-driven environment. We
must educate students in ways that provide them with problem solving skills that
will be useful throughout their lives, regardless of the changes that technology
brings to the workplace.
The educational reforms supported by NSF and adopted in the various states have

traditionally approached changes in small pieces—try out a new course curriculum,
develop a teacher improvement program, experiment with a new technology, imple-
ment statewide testing, and so forth. We have determined that it is worthwhile to
involve the states in developing bolder, more sweeping, and sustainable improve-
ments in their educational systems.
To do so, we have formed partnerships with 25 states and Puerto Rico through

our Statewide Systemic Initiatives to design and implement comprehensive changes
in their teaching of math and science. Each of these will serve as an experiment
both for the process of instituting systemic educational change and for developing
science, mathematics, and technology programs that meet contemporary educational
needs. NSF*s systemic reform efforts are part of the Administration's commitment
to help state reform our elementary and secondary educational system through
Goals 2000.
NSF's role as the catalytic agent for change has been very successful in generat-

ing interest in systemic change. As a result, we have extended this approach with
our Urban Systemic Initiatives—focusing on cities with large numbers of at-risk
youth, and the Rural Systemic Initiatives, which addresses the special needs of eco-
nomically disadvantaged rural regions.
We have also instituted an Advanced Technological Education program—thanks

to legislation sponsored in this body by Senator Mikulski—to promote improvement
in secondary school curricula and instruction to help in the transition from school
to the high-performance workforce. This program recognizes that the highest quality
science, mathematics, and technology education must be provided to students who
plan careers that do not involve four-year colleges.

Finally, our Alliances for Minority Participation (AMP) program is making great
strides in boosting the science, engineering and mathematics enrollment of
underrepresented minorities. When we began the AMP program in 1991,
underrepresented minorities accounted for about 14,000 BS degrees in science, engi-
neering and mathematics annually. Our 15 AMP consortia, the oldest of which has
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been in operation just over two years, have already produced a net increase of 1,500

baccalaureate degrees to minorities.

I have spent a lot of my time on education because NSF takes very seriously our

responsibility across the spectrum of mathematics, science, engineering, and tech-

nology education. We will not have a capable workforce in the future if we ignore

this responsibility now. Nor will we have developed the talent required for the next

generation of researchers unless we pay careful attention to the policies—implicit

and explicit—that guide science, mathematics, engineering and technology education

from kindergarten through post-doctoral work.

It is through higher education that many research innovations reach the business

community, ft has been said that one of the best technology transfer devices is the

moving van that delivers freshly trained scientists and engineers to their first jobs.

We are exploring ways to narrow the gap between the discovery process in univer-

sities and the implementation of discoveries in industry by providing incentives for

greater industry-university collaboration.

ACADEMIC RESEARCH INFRASTRUCTURE

Let me conclude by briefly discussing a related issue, and that is the need to re-

pair, renovate, and modernize academic research laboratories and instrumentation.

NSF currently provides little more than nominal assistance for infrastructure. To

do more within our current budget would seriously skew NSFs highest priority

—

putting people first.

In September NSFs next report on the academic research infrastructure will be

available to provide an up-do-date assessment of the needs. I have talked with Dr.

John Gibbons, Director of the Office of Science and Technology Policy, about the

need to consider academic infrastructure issues on a government-wide basis and I've

recommended that this issue be reviewed by the National Science and Technology

Council.
Revitalizing the academic research infrastructure requires the cooperation of all

Federal agencies, as well as the support of the states, universities, and the private

sector entities that fund academic research. NSF has been a leader in supporting

merit-reviewed infrastructure modernization activities, and we will continue our ef-

forts to upgrade facilities while we work to develop a more inclusive approach.

In conclusion, Mr. Chairman, I appreciate the opportunity to provide you with a

summary of some of the important work being supported at NSF. We support the

highest quality research and education activities and seek to connect work across

strategic areas in order to make progress toward national goals.

I look forward to working with you and your committee to make NSFs contribu-

tions to the nation even more significant in the future than they have been in the

past.

Thank you. I will be pleased to respond to any questions that you might have.

ACTIVITY SUMMARIES

Funding for the National Science Foundation is provided through the following

seven appropriations.

RESEARCH AND RELATED ACTIVITIES

The FY 1995 Request for Research and Related Activities (R&RA) is $2,348.70

million, an increase of $185.0 million, or 8.6 percent, over the FY 1994 levels R&RA
funds a broad range of activities focused on strengthening the nation's scientific,

mathematics, and engineering research enterprise. Included is support for research

projects, centers, instrumentation, user facilities necessary for forefront research,

ana education and training activities. Also included within R&RA is support for re-

search in the arctic and antarctic regions, and the necessary logistics and operations

support to enable such research.

Within R&RA, funding for research and education in strategic areas increases by
more than 12 percent over the FY 1994 planned level. Efforts in these strategic

areas produce the knowledge necessary to address a range of national priorities, to

advance our understanding of scientific phenomena and technological processes, and
to strengthen the science and technical workforce. Significant increments include:

iThe Major Research Equipment (MRE) appropriation is proposed in FY 1995 to fund the con-

struction of the Laser Interferometer Gravitational Wave Observatory (LIGO) and the Gemini
8-meter telescopes, currently funded through R&RA. for comparability, the FY 1993 and FY
1994 amounts for these construction projecte are included under MRE.
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—U.S. Global Change Research Program increases by more than $65 million, or
46.2 percent, for a total of $207.52 million. Special attention will be given in FY
1995 to major international data collection and analytic programs; to climate change
modeling and forecasting activities; to research on terrestrial ecology; to research on
policy processes; and to the advancement of methods for conducting integrated as-
sessments.
—High Performance Computing and Communications initiative increases by more

than $61 million, or 24.5 percent. This includes more than $50 million for Informa-
tion Infrastructure Technology and Applications for information infrastructure serv-
ices, system development, intelligent interfaces, and National Challenge Applica-
tions Problems in areas which have broad impact on the nation's competitiveness.—Support for the interagency Science, Mathematics, Engineering
and Technology Education initiative increases by more than $9 million, or 8.4 per-

cent, to $118.53 million. R&RA-funded education programs are directed primarily
at post-secondary education. Increased support in FY 1995 focuses primarily on im-
proving undergraduate education.

Significant support is also provided within R&RA for efforts in strategic areas in-
cluding Advanced Manufacturing Technology, Environmental Research, Advanced
Materials and Processing, Civil Infrastructure Systems, and Biotechnology.
Funding for fundamental research in all disciplinary and cross-disciplinary fields

of science and engineering supported by NSF will continue. Within R&RA, research
project support increases by 10.7 percent to $1,404 million. Examples of projects
supported include:
—Investigators funded by the Biological Sciences Activity have isolated a key gene

controlling the intake of potassium and of toxic metals in plants. This research may
lead to the development of genetically engineered plants capable of blocking toxic
metals responsible for major agricultural losses from entering plants.—Data from the 1993 floods in the Upper Mississippi Basin are being used by re-
searchers funded through the Geosciences Activity to protect river systems against
bank and levee sloughing and to determine the degree to which major floods re-
charge aquifers mined by irrigators and industries.
—Research in the formal methods for the design and analysis of fault-tolerant,

real-time, distributed systems supported by the Computer ana Information Science
and Engineering Activity were applied in the national Air Traffic Control system in
the form of the hand-off protocol used to transfer ownership from one air-traffic con-
troller to another.
—The Nobel Prize in Physics for 1993 was awarded to NSF-grantees Joseph Tay-

lor and Russell Hulse for their discovery of the first binary pulsar and for subse-
quent studies leading to high precision tests of Einstein's theory of gravitation.—One of the greatest challenges for the chemist is the design of molecules and
methodologies that mimic nature. Particularly exciting developments supported by
NSF's Chemistry Subactivity are "chemzymes," small molecules with catalytic ac-
tivities rivaling those of enzymes, and selfreplicating molecules designed at the Mas-
sachusetts Institute of Technology, taking lessons from DNA.—Companies have used results from research on human cognition funded through
the Social, Behavioral and Economic Sciences Activity, as it unfolds through lan-
guage, memory, problem-solving, decision-making, and learning, to improve human/
machine interfaces.

Funding for centers within R&PA increases by 4.6 percent for a total of $186 mil-
lion. Activities include:
—When earthquakes occur, such as the recent Northridge, California earthquake,

the NSF-supported Southern California Earthquake Center serves as a center to
capture data, coordinate science activities, and provide public information.
—The NSF-supported Industry/University Cooperative Research Center for Meas-

urement and Manufacturing Control at the University of Michigan developed a
measurement methodology which allowed Chrysler's Jeep Grant Cherokee Plant to
improve the dimensional tolerance of the assembly of automobile body panels to 2
mm, a tolerance standard used by Toyota Motors.
—Experiments at the Cedar Creek Long Term Ecological Research site in Min-

nesota demonstrated the importance of biodiversity on plant production following
the major drought of 1988. Areas previously manipulated to contain high plant di-
versity maintained higher plant production during the drought and recovered more
rapidly than less diverse areas.
—The NSF-supported Center for Ultrafast Optical Science has helped bring ten

new products to market in its first three years, with sixteen others under develop-
ment. The Center is now poised to launch the Ultrafast Development Laboratory
where scientists and engineers from private companies will conduct experiments re-
lated to product development along with Center students.
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Support for facilities within R&PA increases by 6.0 percent to a total of $559 mil-
lion. Activities have included:
—More than 1,200 U.S. colleges and universities are fully connected to the

Internet, with traffic carried by the NSFNET Backbone Service in December 1993
almost double that carried a year before.
—The four NSF-supported Supercomputer Centers continue to provide over 8,000

users with access to state-of-the-art computing resources not available elsewhere.
Their Centers' scope has expanded to include partnerships permitting private sector
organizations to experiment with the application of high-performance computing
technologies.
—Since its creation in 1960, about 30,000 people from 250 institutions across the

country and around the world have visited the National Center for Atmospheric Re-
search and used its facilities, including aircraft, supercomputers, and ground-based
observing facilities.

—NSF funding for the three major national facilities in astronomy supports oper-
ations, maintenance, and development of instrumentation in groundbased optical
and radio astronomy.
—Facilities supported through the U.S. Polar Programs enable research in the

Antarctic by providing the necessary infrastructure for scientists, including aircraft,
research vessels, research stations, and logistical and operations support.
Funding for education and training activities within R&RA increases by 5.2 per-

cent to a total of $199 million. Efforts include support to provide research experience
for undergraduate students, reform undergraduate curriculum, explore innovative
educational delivery systems, experiment with innovative applications of technology
for educational activities, increase the involvement of women and underrepresented
minorities through special programs and mentorship activities, provide doctoral dis-
sertation support in research areas requiring field work, and allow faculty at small
colleges to update their skills.

Highlights of R&RA by Activity are:

—Th^/Biological Sciences (BIO) Activity promotes understanding of the underly-
ing principles and mechanisms governing living organisms. Research areas include
analyses of the genetic and molecular processes underlying all life; the use of cut-
ting-edge tools to understand organism development and behavior; modeling of the
interrelationships among organisms and the environment in which they live; and
the development of new instruments and databases for the biological sciences. The
9.1 percent increase in FY 1995 will primarily support research in the U.S. Global
Change Research Program and High Performance Computing and Communications,
allowing enhanced support for research on biodiversity and the environment. Long
Term Ecological Research sites, and the establishment of a Center for Ecological
Analysis and Synthesis.
—Research in the Computer and Information Science and Engineering (CISE) Ac-

tivity is directed at information processing in the broadest sense, ranging from fun-
damental theory of computing to systems architecture and engineering. In addition,
significant attention is devoted to advanced computer and communications facilities

providing services for the general research and education community. The 13.7 per-
cent increase in FY 1995, directed toward the High Performance Computing and
Communications initiative, enhances support for its Information Infrastructure
Technology and Applications component, increases high performance computing ca-
pabilities at NSF Supercomputer Centers, and provides for a transition to very high-
speed networking.
—The Engineering (ENG) Activity promotes the progress of engineering and in-

creases its potential to respond to the nation's future technological opportunities and
needs. ENG accomplishes its mission by supporting all fields of engineering edu-
cation and research and by developing the nation's engineering human resources
and physical infrastructure. Engineering's 9.7 percent increase for FY 1995 will go
to support increases in Advanced Manufacturing Technology and High Performance
Computing and Communications, and to meet mandated levels for the Small Busi-
ness Innovation Research (SBffi) program.
—The Geosciences (GEO) Activity supports research to advance knowledge of the

properties and dynamics of the planet Earth including: studies of geologic forces and
their history; ocean dynamics and resources; and the physics and chemistry of the
atmosphere. The 9.7 percent increase in FY 1995 reflects emphasis on the U.S.
Global Change Research Program and will enable new and enhanced efforts in
international data projects, forecasting and climate modeling, terrestrial ecology,
and integrated assessments.
—The Mathematical and Physical Sciences (MPS) Activity supports research in

mathematics, astronomy, physics, chemistry, and materials science to accelerate the
growth of the knowledge base and to connect it to potential users. Major equipment
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and instrumentation such as accelerators and telescopes are provided to support the
research needs of individual investigators. The 6.3 percent increase in FY 1995 will

strengthen support and boost MPS participation in all interagency and NSF re-

search initiatives and enhance support for facilities and instrumentation.

—The Social, Behavioral and Economic Sciences (SBE) Activity stimulates sci-

entific progress in the social, behavioral and economic sciences. Research focuses on
how various social and economic systems are organized and operate and how cog-

nitive and cultural factors influence human behavior. The Activity also includes pro-

grams that promote international scientific cooperation and provide authoritative

data on science and engineering and the characteristics of the nation's research and
education enterprise. The 14.6 percent increment in FY 1995 will primarily support

the U.S. Global Change Research Program.
—Polar Programs, which includes the U.S. Polar Research Programs and U.S.

Antarctic Logistical Support Activities, support multi-disciplinary research in arctic

and antarctic regions. Polar regions play a critical role in world weather and climate

and provide unique research opportunities from the ocean bottom through the ice

layer and into space. Special logistical and operations efforts are required to support

research in Antarctica because of its remote location and the necessity of providing

all infrastructure. The 2.1 percent increase in Polar Programs will be directed en-

tirely to research projects rather than logistics. This represents an 8.8 percent in-

crease in research and will enable expanded studies in arctic and antarctic regions,

focused primarily on global change and environmental issues.

—The Critical Technologies Institute is a Federally-Funded Research and Devel-

opment Center that provides analytical support to the Office of Science and Tech-

?clogy Policy by identifying near-term and long-term objectives for research and de-

velopment; analyzing the production capability and economic viability of tech-

nologies; and providing options for achieving R&D objectives.

EDUCATION AND HUMAN RESOURCES

The FY 1995 Request for Education and Human Resources (EHR) is $586.00 mil-

lion, an increase ot $16.40 million, or 2.9 percent, over the FY 1994 Current Plan.

EHR supports a cohesive and comprehensive set of activities, augmented by infor-

mal science experiences, which encompass every level of education and every region

of the country. EHR plays a major role in science, mathematics, engineering and
technology education, funding about thirty percent of the total federal effort in FY
1995.
—Support at the K-12 level totals $360.05 million, an increase of $8.87 million

over FY 1994. Included in this amount are Systemic Reform activities ($86.06 mil-

lion) in states, urban and rural areas, and programs to meet the National Education
Goals in science and mathematics, establishedin 1990 by the President and the na-

tion's governors.

—Support at the Undergraduate level is $102.25 million, an increase of $2.44 mil-

lion over FY 1994. This support focuses on the continued efforts of reforming cur-

riculum and laboratory instruction, and upgrading equipment. Improving under-

graduate preparation of K-12 teachers and addressing advanced technician training

continues to be major emphases.
—Support at the Graduate level is $63.39 million, an increase of $4.60 million

over FY 1994. Included in this support is a modest increase in both the stipend and
the cost of education allowance for the Graduate Fellowship program. The number
of fellows will be sustained at approximately 2,400. The Graduate Traineeship pro-

gram will be sustained at the FY 1994 level.

—Advanced Technology Education (ATE) established in FY 1994, is $17.60 mil-

lion, an increase of $3.00 million over the FY 1994 level. ATE promotes improve-

ment in advanced technological education curricula and instruction to help in the

transition of students to the high-performance workforce. The increase will support

new centers and expansion of curriculum projects.

ACADEMIC RESEARCH INFRASTRUCTURE

The FY 1995 Request for Academic Research Infrastructure is $55.0 million, a de-

crease of $50.0 minion from the FY 1994 Current Plan level of $105.0 million, but

the same level requested in FY 1994. Because academic infrastructure needs are so

pervasive, only with the concerted cooperative effort of every agency that funds aca-

demic research, and with the support of the Congress, can the federal government
begin to address the large scale modernization and instrumentation requirements

of our science laboratories and classrooms. The $55.0 million Request is the amount
NSF feels is sufficient to allow the continued upgrading and improvement of re-
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search facilities and instrumentation at academic institutions, while maintaining
the Foundation's traditional role in the research community.

MAJOR RESEARCH EQUIPMENT

The FY 1995 Request for the new Major Research Equipment (MRE) appropria-

tion is $70.0 million. MRE is established in FY 1995 to provide funding for the con-

struction of major research facilities that provide unique capabilities at the cutting

edge of science and engineering. Currently funded through the Research and Relat-

ed Activities (R&RA) appropriation, these construction projects totaled $34.07 mil-

lion in FY 1993 and $52.00 million in the FY 1994 Current Plan. The FY 1995 Re-

quest of $70.00 million represents an $18.00 million increase, or 34.6 percent, over

the FY 1994 level for these items.

Projects supported by this Account will push the boundaries of technological de-

sign and will offer significant expansion of opportunities, frequently in totally new
directions, for the science and engineering community.
Two projects currently comprise the Major Research Equipment Account: the

Laser Interferometer Gravitational Wave observatory (LIGO) and the Gemini Tele-

scopes, twin 8-meter telescopes in the northern and southern hemispheres being

built through an international partnership.

SALARIES AND EXPENSES

The FY 1995 Request for Salaries and Expenses (S&E) is $130.72 million, an in-

crease of $12.42 million, or 10.5 percent, over the FY 1994 Current Plan level of

$118.30 million. The Request level fully funds the Foundation's staffing requirement
of 1,243 full-time equivalents and will enable NSF to exercise effective management
of its programs and activities and to continue its investment in advanced informa-

tion technology.
Salaries and Expenses provides funds for staff salaries and benefits, and general

operating expenses necessary to manage and administer the NSF. Funds are re-

auested separately for the Office of Inspector General and for NSF Headquarters
Relocation, the appropriation account which includes funds to reimburse the Gen-

eral Services Administration (GSA) for expenses incurred to relocate the Foundation
to its new Headquarters location in Arlington, Virginia.

NSF HEADQUARTERS RELOCATION

The FY 1995 Request for NSF Headquarters Relocation is $5.20 million, equal to

the FY 1994 level. This appropriation account provides annual reimbursement to

the General Services Administration (GSA) through FY 1998 for expenses incurred

by GSA pursuant to the relocation of the National Science Headquarters to Arling-

ton, Virginia, which was completed in January 1994.

OFFICE OF INSPECTOR GENERAL

The Office of Inspector General (OIG) was established to promote economy, effi-

ciency, and effectiveness in administeringthe Foundation's programs; to detect and
Rrevent fraud, waste, or abuse within NSF or by individuals that request or receive

fSF funding; and to identify and resolve cases of misconducting science. The FY
1995 Request for the OIG is $4.38 million, an increase of $0.38 million over the FY
1994 level.

The Chairman. Thank you very much.
With regard to women and minorities in science, factually, that

Erogram goes back to 1977 and 1978 legislation, we are impressed

y some of the more recent activities. I do not think we kept after

the agency as much during that period of time, quite frankly, as

we shoula have. We had the Women in Science and Technology
Equal Opportunities Act in 1977 and 1978, and in 1979 as well,

which the NSF was to respond to. So we are enormously interested

in continuing to watch and encourage that kind of enterprise.

You mentioned the importance of science research and education
in strategic areas, and you pointed out that more than three-quar-

ters of the growth of the NSF budget is allocated to research and
education strategic areas. How do you arrive at that number? How
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does the focus on research in strategic areas relate to the NSF
longstanding mission on initiating and supporting basic scientific

research?
Mr. Lane. Mr. Chairman, the strategic areas are broad areas of

science and engineering that support particular national goals such
as protecting the environment, making industry more competitive,
and getting information to the fingertips of all Americans. These
are very broad goals that go far beyond the science and engineering
necessary to go forward. But all of them do have an underpinning
of science and engineering that is needed. So that in these strategic

areas, we identify particular areas of science and engineering, in-

cluding environmental research, global change, biotechnology, the
others that I mentioned in my testimony.
NSF emphasizes basic research, that is, research aimed at dis-

covery of new knowledge and the nature of the works of human-
kind. Thus, the support of basic research in these broad strategic

areas is fully consistent with the mission of the National Science
Foundation.

It is also important to have a balance between that research that
we think might lead in the near term to knowledge that will help
us to advance one or another of these important goals, balance that
with research, where we really do not know what might be the
short-term payoff, because we do know from history that you can-
not really predict. So long as one supports a healthy program, good
things will come out of it. Therefore it is a balance issue.

Our priorities at the present time, the administration's priorities,

are to invest more in that basic research that does underpin these
strategic goals. So of the funds we are requesting for 1995, about
$180 million will go for research that can be directly identified with
one or another of these strategic goals. As a fraction of the some-
thing over $200-$220 million of money requested to go into re-

search and related account, that amounts to over three-quarters,
probably closer to 80 percent than to 75 percent.

The Chairman. Once you set these areas, because they are basi-

cally rather global in nature, how then do you decide where you are
going to move? I mean, these are broad areas of very important
public policy questions which the NSF has a unique ability to try

to deal with. But once you get the broad area, how do you then de-
cide as to what is going to be the sub-area where you are going to

focus resources?
Mr. Lane. Mr. Chairman, some of the areas sort of speak for

themselves. In the area of high-performance computing and com-
munication, for example, almost all the work we do in the science

and engineering that advances our understanding of information,
information technology, networking, and visualization, is clearly

identified with the goal of building a national information infra-

structure. But just to keep us all honest, there is a strong, inter-

agency, coordinated activity, started under the FCCSET process
and being continued under the President's new National Science
and Technology Council. There is a structure of committees that
support that council that work on a weekly basis, sometimes more
frequently, on the detailed planning of tne research engineering
and mathematics activities that are necessary to advance under-
standing of these areas. So the detail is worked out with a number
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of agencies sitting down together and bringing to the table what
each agency can do in order to help the larger program move for-
ward.
The Chairman. Finally, how do you evaluate research to see

what has been useful? I mean, there will be some projects for
which the results will be obvious in terms of where they lead, and
others whose applications may not be as obvious, but in the longer
term, may be as important. How do you ensure that research being
done is consistent with the broad areas that you have outlined here
as being in the national interest?
Mr. Lane. Mr. Chairman, one of the things that is true about

basic research is that you really ought to reach out; you ought to
take some chances; you ought to try to do some things that maybe
you cannot be confident you can do. And so from time to time, a
perfectly capable researcher with a great idea is not going to
produce a discovery. And in fact, we do not expect that we can pre-
dict when a discovery is going to be made or when we are halfway
there, or even if a discovery is going to be made on a project-by-
project basis. But if you look across a whole program with lots of
projects and lots of investigators trying different things, you ought
to be able to identify measures that tell you whether you are doing
a good job.

We have long had in place a system of merit review at the Na-
tional Science Foundation which remains one of the core values of
what we do and how we do business. That merit review includes
peer evaluation, but it is more than that. It is the judgment of sci-

entists, engineers, and mathematicians who work at the National
Science Foundation and who ensure that the projects that are fund-
ed in fact merit that funding.
So project by project, we do review very carefully what gets done,

but the point I want to emphasize is that if it is basic research,
then for a particular project, you have to be ready for failure occa-
sionally. For a broad program, I think it is appropriate for us to
ask ourselves harder questions and be asked harder questions
about how do we measure what goes on across a program. In some
areas, it makes sense to have milestones. If you are building a
major facility, then you have to have a management plan, and you
have to know how much of the facility you are going to have built
after the end of the third month and the sixth month and how the
money is going to be expended. And we have always done that, but
we have not made it as explicit as we might.

In other areas where we are expecting the results of many, many
research efforts to move us forward in understanding global cli-

mate change or various aspects of environmental research, then we
need to also be able to lay down measures and sometimes mile-
stones. Sometimes they can be quantifiable. Suppose we plan to get
curriculum materials in the hands of teachers, or we plan to impact
a certain number of students with our education program; those
are things we can really appropriately set goals to do, and those
have quantitative aspects to them. So we should expect to measure
over time what kind of progress we make.

In general, for all of the strategic areas that I have described, we
are going to identify as a part of our planning process that is going
on right now, measures that will help us respond to questions
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about how do we know that the research that we are supporting
is really advancing our understanding of one or another area. And
we expect by this summer, Mr. Chairman, to have made consider-

able progress in that.

The Chairman. Thank you.
Senator Mikulski.
Senator Mikulski. I am happy to yield to Senator Gregg.
The Chairman. We are co-chairing this morning, Judd, so I was

caught as to whom we should recognize first.

Senator Mikulski. Co-chairing, but not co-equal in this area.

[Laughter.]
Dr. Lane, we want to welcome you to this hearing. Senator Ken-

nedy, Senator Gregg, just a few days ago, we held the appropria-
tions hearing on the NSF budget, and I think this is really what
a new era needs to be, where the authorizers and appropriators are
working together.

Dr. Lane, I want to talk about an authorizing framework to in-

corporate the concept of strategic research along with making sure

that NSF has the flexibility and nimbleness to adapt to new times.

As everyone in the room knows, I am the author of an appropria-
tions committee report saying that NSF had to do 60 percent in

strategic research. That created a firestorm, because everybody
thought I mean applied research or project-based research, rather
than the NIH model where you have a variety of types of research
working toward a national goal.

I speculated, in reauthorizing the Foundation, on suggesting that
NSF be reorganized the way NIH is, on strategic goals, instead of

the way you are currently organized. For example, it would be the

directorate on global climate, or directorates along similar strategic

themes. What would be your commentary on that? I am interested

because I seek an outcome, and an outcome where a substantial

part—not all—of the National Science Foundation budget goes to

achieving national goals. I also do not want to hamstring the struc-

ture of NSF or America's scientific community. What would you
think about the reorganization of NSF along the lines of NIH?
Mr. Lane. Madam Chair, we certainly are looking at the organi-

zation of NSF. The organization, as I commented in my testimony,

has evolved over the years, and as a part of the strategic program
planning process that is underway right now, certainly, organiza-

tion is one of the things that we will look at.

My expectation is that out of that planning process there is likelv

to come a more multidimensional matrix organization scheme, with
strong vertical and horizontal lines. We have some experience with
this approach, but I think it is probably not so visible outside the

agency, because as we have worked to coordinate activities that

run across the disciplines, we have had to put in place in the orga-

nization a mechanism for doing that. But that is something we will

look very hard at. I am certainly open to what comes out of the

planning process. But there are a couple things to keep in mind,
if I might just comment quickly on those.

It is important that we not have to change the organization too

often. It is also important that we not add a bureaucracy or extra

staff work. Indeed, we hope we can look for ways to streamline our
organization, which would be consistent with the National Perform-
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ance Review. And whatever organization is used, what is abso-

lutely critical is that the organization allow the most rigorous eval-

uation of the merits of the proposal against well-established stand-

ards of excellence. That really is at the heart of what has made the

NSF contributions so important to the Nation, and that is some-
thing we must continue to maintain and improve, if we can.

So the question is how best to organize the NSF so that it is

more efficient, effective, and responsive to the Nation's needs. And
the planning process is certainly going to address this question.

Senator Mikulski. I acknowledge all of that, but here is where
we are. We have to move an authorization. There might be a gap
in the timing of the reauthorization and your planning process.

What I am asking for, and I think the Chair and others on the

committee are also looking for, is your recommendations as to:

number one, how to operationalize these good intentions, and num-
ber two, how to institutionalize them in a way that begins to

change the culture of the way NSF has operated in its relationship

with universities and at the same time, provides flexibility and look

forward to the future, leaving lots of room for the unanticipated,

the undiscovered, in a way that will require continual refocusing.

So that is why I asked about the NIH model, and we are going

to need to know pretty quickly what your thoughts are on that.

Mr. Lane. Madam Chair, I appreciate the importance of the

question, and certainly take it seriously. I certainly agree that na-

ture has no boundaries, but nature is organized, and the disciplines

that have evolved—chemistry, physics, mathematics—have evolved

around the organization of nature and the way people think and
so on. There is a rationale for that. So the question again is how
to be sure that we are able to evaluate what we do well and ensure

that we are advancing knowledge along all of those frontiers, while

at the same time, cutting across these disciplines to address the

strategic initiatives that we want to do.

Senator Mikulski. That is what I am asking for. When is your
planning process going to be done?
Mr. Lane. We would anticipate discussion with the board this

summer, and I have asked the planning committee for a report in

all of these areas by May 1.

Senator Mikulski. By May 1.

Mr. Lane. Yes, Madam Chair.

Senator Mikulski. I think all of us on the committee would want
to discuss with you what the structure of the National Science

Foundation should be as we move forward on the reauthorization,

whether it should be changed and a variety of these things. I do
not want to keep repeating myself, but this train is going to leave,

and either we do it together with your recommendations, or I am
sure there will be sharply differing views even on the committee
on how to proceed.

I would look for a consensus between the committee and the
Foundation.
Mr. Lane. Well, Madam Chair, the report will come to me in

May, and then we will be discussing with the board in the summer.
Would a response to you in July be early enough?

Senator Mikulski. What do you think, Senator?
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The Chairman. Why don't you go back and talk with your people

and see what your best time would be? Clearly, I think we want
to talk with the leadership about the scheduling. We will be getting

into a very tight time bind.

Senator Mikulski. You see, the appropriations begin, and health

insurance could possibly be on the floor. We do not want to delay

the reauthorization. We want the Foundation to have a very clear

navigational chart with its reauthorization. And I do not think that

the reauthorization has to dot every "i" and give you a rigid blue-

print. We do not want rigidity. But I do think there has to be a

quicker step and a quicker pacing.

Mr. Lane. Well, Madam Chair, Mr. Chairman, we will certainly

go back and discuss this, and we want to work with you as we
move toward this reauthorization, which is very important to us.

The Chairman. Could I just add that we are not interested in re-

arranging deck chairs on this. For example, on mental health, we
made the judgment that with the research that was taking place

in that area, it was better for the institute to be out there at NIH
rather than where it had been previously.

For example, OTA maintains a capacity in terms of health and
the health sciences. They do not have a directorate, but they main-

tain a professional group, while they have evolving and changing

areas of interest as the Congress begins to move into health care

reform.
So we are trying to work with you and think about different

kinds of organizations. I think what we are asking for is a hard
look by yourself and those who have been involved and have had
long and distinguished interests. If NSFs organization should stay

the way it is, then we need good reasons why it should. If it is

going to change along problem-oriented lines, then how does this

really serve the national interest? Should there be change, or

should NSF make some changes now and do some evaluations, or

pursue some other strategy? f do not think we are trying to make
life more complicated; we want to work with you, and we will do

some follow-up with you.
Senator Mikulski. May I just ask one other question related to

education?
The Chairman. Yes.

Senator Mikulski. We talk so much about education, and I be-

lieve that Dr. Luther Williams, and the continuity between
Massey-Lane, have done an excellent job in things like the urban
initiative. But I happen to believe that not all education goes on

in schools, and some of the best education occurs outside of schools,

particularly in science and math, where hands-on is important.

Could you share with us, as we reauthorize NSF, how we can be

sure to incorporate the ability of the National Science Foundation

to work with alternative forms of education—and what do I mean
by that? Science centers, and not only the wonderful ones like in

Baltimore, but small science centers in rural areas where not only

kids, but teachers go to be retrained and retooled on both science

itself and the new techniques; and then also, the people who teach

science.

I happen to think Scouts teach science by working on projects in

earth science and the environment, both Boy Scouts and Girls
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Scouts, boys' clubs and girls clubs'. This is where those 9-year-olds

get their hands into it, and they do not even realize they are doing

science, but they get involved in it. This is then the incubator for

them to pay attention in school in these topics and then even go

into fields ranging from lab technician to nurse practitioner to M.D.

to physicist to Ph.D.
I wonder what your thoughts are on incorporating these ideas in

reauthorization, or should we just leave that the way it is because

it gives you maximum flexibility to do these things?

Mr. Lane. Madam Chair, I think we do have flexibility to do

that. We do support some programs in science museums and tele-

vision outreach activities and other ways of trying to get to young
people and not so young people as well, because we agree witn you.

Some of the most exciting times that I spent through my years as

a young person and more recently have been in science museums,
many around the country, including the one in Baltimore. I have
had a good time, and it is hard to get me out of those. And I think

what has really happened through the years is what you refer to,

that by moving in a direction that allows the visitor to the museum
to get hands on, it captures the imagination, so the romance of

science, that easily gets lost, gets recaptured in that kind of envi-

ronment. It has been a marvelous evolution. I am very interested

in that particular area and would be pleased to work with you on

some further ideas. I appreciate the question.

Senator Mikulski. Well, thank you.

The Chairman. Senator, would you yield to me just for one ob-

servation on this—we are trying to balance the time

Senator Mikulski. I am finished—I have a million questions, but
I am done.

The Chairman [continuing]. My son did a science project at

school involving seeds. They watered the seeds with melted snow,

tap water, and then bottled water, to see the impact of acid rain,

which we have here and we get a lot in New England. They did

it for 7 weeks, and the dramatic change in using tap water, melted
snow and bottled water on the growth of these seeds was just

mind-boggling. And that child is absolutely fascinated—now, I do

not know how long that interest is going to last

Senator Mikulski. So are you. That is what is so great about it.

The Chairman. Yes, I am, too. [Laughter.] Then, they asked the

science class to use a mousetrap to send their own little built cars

across the room, to see who could be the most ingenious about it.

But there are 500 kids in there, and it is just absolutely dramatic
in terms of how the kids are interacting.

And finally, I would just note Ballard, with his program in the

underwater seas, where he has found the Titanic, the Lusitania

and the Bismarck. He was in the Galapagos Islands and was tied

into the Boston school system. I went to the Museum of Science up
there. They had 1,200 inner-city kids, and you could have heard a

pin drop. I mean, normally, you would try to have quietness in the

room with 10 kids or any kids,, and it would be difficult. They had
read about wooden boats that had sunk in the Great Lakes and in

Lake Champlain, and why wood deteriorates or does not, and how
wood that comes up into the air collapses, and so on.
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So just in a creative and imaginative way—we know what you
have to do and how it can be done—but I think as a society and
as a country, in many respects, we are dead in the water in terms
of trying to keep this kind of inquisitiveness alive. So to the extent
that we can be sensitive, returning curiosity and excitement would
be something that I think parents and many of us would be very
interested in.

Mr. Lane. Mr. Chairman, if I could just quickly comment on
that, we have marvelous organizations, science museums and other
organization, all around the country. I mean, the resources are
really there, and with the putting in place of the national informa-
tion infrastructure, I think there is an opportunity to connect all

of these great minds and ideas and visualizations and demonstra-
tions, and get them into the classrooms and into the homes, where
the young people can see them and share that excitement.
But in the end, there is no substitute for being there where this

is really going on, and talking to the person who has had this kind
of great adventure and can share that kind of electric feeling about
what it is to explore, what it really is to do science. That is what
science is all about. But what we have not done a good job at
through recent decades, including the time I was educated, is say-
ing that science is really what is in textbooks, and it is dry, and
it turns a lot of kids off. So we are making some progress there,

and this is an area that we are very interested in.

The Chairman. Thank you.
Senator Gregg.
Senator Gregg. If I can pick up on this, because it is something

I have been interested in for a long time—and I echo what the
chairman has said and what Senator Mikulski has said—a long
time ago, you folks funded things like "Voyage of the Meemie,"
which was a program on public television that was "hands-on"
through TV, helping kids learning about the ocean, and you funded
"3-2-1-Contact." I recognize that this type of activity is considered
beneath pure science, and that there has always been a conflict

within the National Science Foundation over the desire to do pure
science and the desire to be in the marketplace of promoting
science amongst students. But I just want to echo the words of the
chairman in saying that I think you obviously have been committed
to that, and I just want to congratulate you and encourage you to

continue to expand that effort. And working with national public
television and other groups like that, I hope that the National
Science Foundation will continue to do a lot of outreach toward ele-

mentary-level students.
In that context, I know that you have this systematic reform pro-

gram going forward, and I guess there are about 25 States partici-

pating in it. I had a chance in my former job to make an applica-

tion and was involved; in fact, I met with the people that you sent
to New Hampshire to review the proposals. I guess my reaction at
that time was that it seemed awfully bureaucratic, not only in the
way in which the reviews were occurring, but also in the type of
proposals which were being sought. There seemed to be an empha-
sis on proposals which were put together by professional fund writ-

ers and grants men, and the creation of a new level of grants men
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and promoters within different States, of consultant groups within

States to promote science education.

I am only speaking uniquely from New Hampshire's experience

in trying to get a grant. We did not get a grant, and I am not sure

if our proposal was strong enough compared to the other proposals.

I thought it was a reasonable proposal, but I was concerned that

much of the proposal had to be shifted out of what I thought was
important in the hands-on element of primary and elementary and
secondary education in math and science to whether you call it sys-

temic, and it was systematic, I suppose—what really was another

level of bureaucratic oversight.

I am just wondering whether you sensed that sort of conflict at

all from these systematic attempts. I think it is an important ini-

tiative; let me say that. I think it is critical that the National
Science Foundation plays a major role in math/science education.

I think it is a lot more credible for a teacher to have interfaced

with the National Science Foundation than with the local education

department. It gives that teacher the feeling that he or she has
been sitting with the best and the brightest, and it is a better addi-

tion to their credentials to have a National Science Foundation
workshop rather than State department of education workshop, so

I think it is critical that you remain involved and that you be ac-

tive.

I am just wondering what your analysis is of your systematic ef-

fort here.

Mr. Lane. Senator, I really do appreciate your comments. First,

your comment on the traditional conflict within National Science

Foundation which might, I think, reflect the conflict in the wider
community between the kinds of things we were talking about a lit-

tle earlier and basic science—let me officially declare the conflict

over here and now
Senator Gregg. Great.
Mr. Lane [continuing]. Because I think it really is over. My time

here in the NSF has shown me that across the Foundation, staff

care deeply about these issues we have been talking about here
most recently. But I also find as I go out into the community—to

science conferences, departmental colloquia, where I am really talk-

ing with researchers—the concern about public understanding of

science/mathematics education is very real. Lots of folks do not

know what to do about it, but the concern is very real. So I would
emphasize the appreciation of what I said earlier, or should have
said if I did not, that these activities really are at the core of what
the NSF is doing, and that we are in that for the long haul.

Senator Gregg. It is easier for us, too, because we can under-

stand that—we can understanding putting seeds in a glass; we can-

not understand basic research.

Mr. Lane. OK I would like to talk about that, too, but not right

here at this point, I think.

I think that what we are trying to do with systemic reform is

very difficult because what has really evolved in NSPs support of

educational programs through the years was that back in the early

days, when I was here earlier, we supported individual projects pri-

marily in universities, and the focus really was on undergraduate
and graduate education. Then we evolved to take more interest in
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K-12, to be more active in K through 12 education, but still funding
primarily through universities. We realized—and I take no credit
for that, because I was gone all through those years—but the NSF
realized that the way to really make a difference is through sys-
temic reform, and that means you have got to change the whole
system; you have got to pull all the players together—the State,
the industry, the city, and in many cases, the universities and the
school system, have all got to work together.

Well, there is a lot of bureaucracy in that system already, and
in order to bring those partners together as partners, it is a more
complex approach, I would say, to trying to advance education in
this country than we might have used in the past. So I am sen-
sitive to your point, Senator, and it is something that I am anxious
to learn a good bit more about and see if there is something about
the way we proceed that can make it more efficient and effective

in getting the best proposals. But my sense is our proposals are
carefully reviewed, and progress is carefully reviewed, and if things
do not work, we shut them off.

Senator Gregg. I think you are making significant progress in

this area. I wish New Hampshire had been able to participate. I

might suggest that a peer group for review might be first and 2nd
grade and 4th grade teachers who are not science-dependent. Have
them take a look at what you have developed and ask them wheth-
er or not that has impacted their classroom, or would, in its dif-

ferent State. And I think you will find that some folks will say, "I

am never going to hear from that level of bureaucracy you have set
up."
From my view, that is where we have to start, in the 4th, 5th,

6th grade, especially with girls, to capture them in science and
then aggressively keep them involved when they hit the seventh
and eighth grade, where girls are falling out of the system.
A separate issue is the indirect cost pause. Doesn't that end up

penalizing university systems or researchers within universities
who are on an upward trend, doing things that are aggressive and
pushing the envelope and expanding? Doesn't that group inevitably
end up oeing the ones who are most significantly and detrimentally
retarded by this pause, versus the folks who have just sort of set-

tled into a standard of research which may not be as expansive or
as exciting

—
"exciting" may be the wrong word—but are not in a

dramatic growth period because they are developing more ideas
and initiatives?

Mr. Lane. Well, Senator, I do not have the benefit of a detailed
analysis on it, but I know that iust anecdotally, quite a spectrum
of institutions would project additional research money coming in

next year and additional indirect costs recovered. So including
major research universities, I know from responses that I have
heard to the proposed pause that many of the major research uni-
versities in the country feel that they will also see significant cuts
as a result of the pause. They have been long established, but they
have also been increasing their research activity every year for a
number of recent years, and are projecting that next year.
Senator Gregg. I guess my point is that I see the indirect cost

pause as an arbitrary decision. Wouldn't it be more thoughtful of
us as authorizers ana Ms. Mikulski as an appropriator to give you
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the dollars less the pause dollars—in other words, to give you a

number that assumes a pause—but allow you to distribute it

throughout the research community without a pause as a function

of the distribution? That way, if you have a program where indirect

costs are going to go up because of the fact that they are doing

something exciting, but to do that exciting thing, they have got to

have their overhead covered, you can undertake that. Then you
have to take it away from some other program, but you will have
the flexibility to move the dollars around within the lower or the

lesser figure.

Mr. Lane. Well, Senator, of course, the pause is
?

an administra-

tive decision, and I will support the administration's position here,

and NSF will do what it can to help the universities respond, will

help them establish their base and do whatever is necessary. It is

a complex matter, as is overhead in general.

What I would say in general about the overhead issue is that it

would be good—and I think the administration is committed to

this—to move toward a system of overhead recovery that is less

complex, and my understanding is the administration is anxious to

continue to discuss with universities how that might be accom-

plished.

Senator Gregg. Well, as I understand the administration on the

pause issue, it is just a dollar function. It is an OMB decision. They
want to save some money, so they use the pause. So why not give

you the flexibility? We will save the money, but we will give you
the flexibility to spend it. I would think that would be a more log-

ical way to approach it. But I can understand OMB being more of

a "bean counter" approach and not wanting to do that.

The Chairman. Senator, we have another panel to hear from,

and it looks like we will probably have to terminate the hearing at

11:30. Obviously, if you have another question, we welcome it, Dut

we want to try to give our final panel an opportunity as well.

Senator Gregg. Well, I do not want to hold up the other panel,

but I do have two other questions I would like to ask Dr. Lane
that, hopefully, he can give me a quick answer to, and they are rea-

sonably related.

On the issue of commercialization, from basic research to com-

mercialization, do you have any suggestions as to what we should

be doing to be more aggressive? Obviously, we have done some
things, but do you have any suggestions as to what else we could

do?
Second, on the issue of the Internet and the information high-

way, can you give us a thumbnail statement of what you think our

role should be in expanding Federal involvement in that?

Mr. Lane. Well, Senator, I think I can start backwards on the

information highway. The National Science Foundation, of course,

has played a key role in getting the information infrastructure in

place. The primary reason for that was because it was an impor-

tant part of the research infrastructure, and we needed to do that

so that our researchers could access high-performance computing

and one another, and I would say that it has been a tremendous

success.

As we move toward a full national information infrastructure

that at some stage will become a utility, I think NSFs role will be,
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as it always has been, to engage in research activities that will ad-
vance our understanding of the technologies that are necessary to

continue to upgrade those kinds of services. So in the long-term,
that is what I would see as NSF's position.

On additional ways to get our ideas into the market, as a part
of the planning process I described, we will be looking at what the
appropriate levels and nature of the interaction between univer-
sities and industry is; are there places where we really are missing
opportunities, where industry really wants more interaction with
universities, but for some reason, there are barriers there, and vice

versa. I think it is a very important area, and my sense is there
probably is more that can be done, but I do not have anything more
detailed to share with you at this moment.
Senator Gregg. Thank you.

Mr. Lane. Thank you, Senator.
The Chairman. Thank you very much, Dr. Lane. We appreciate

your presence here and your responses.

Mr. Lane. Thank you, Mr. Chairman. Thank you, Madam Chair.
Senator Mikulski. Thank you.
The Chairman. Our next panel includes Dr. Roland Schmitt, who

brings a great breadth of experience to our discussion this morning.
Dr. Schmitt received his doctorate in physics from Rice. He has
served as president of a major research university, Rensselaer
Polytech, and he has been vice president of a major industrial cor-

poration, General Electric. He served as chair of the National
Science Board and the Industrial Research Institute and has been
a member of the executive committee of the Council on Competi-
tiveness. He is a member of the National Academy of Engineering.

Dr. John Bush is vice president of corporate research and devel-

opment at The Gillette Company. Gillette is headquartered in Bos-
ton, but they also have a research laboratory in Gaithersburg, MD.
Since Dr. Bush is here to discuss the role of NSF-funded research

and trained personnel in developing commercial products, it is good
to know that scientists from both my State and Senator Mikulski's

were involved in the process. Dr. Bush holds a Ph.D. in chemistry
from the University of California-Berkeley, and holds a number of

patents in addition to his other contributions.

Dr. Kerry Davidson comes to us from Louisiana, where he is sen-

ior deputy commissioner for academic affairs and sponsored pro-

grams at the Louisiana Board of Regents. Dr. Davidson holds a
doctorate in modern European and American history from Tulane.

Fortunately for Louisiana, he decided to make a career of improv-
ing science and math education. He is project director of the Louisi-

ana Systemic Initiatives Program and of the NSF Collaborative for

Excellence in Teacher Preparation. In addition, he has worked
closely with the Rural Systemic Initiative Project in the Mississippi

Delta and an Urban Systemic Initiative Project in New Orleans.

We welcome all of you. We will include all of your statements in

full for the record, and we would ask if you would be good enough
to try to make your presentation in a timely way, as close to 5 min-
utes as you can, so we can ask some questions.

Dr. Schmitt.
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STATEMENTS OF ROLAND W. SCHMITT, PRESIDENT EMERI-
TUS, RENSSELAER POLYTECHNIC INSTITUTE, AND SENIOR
VICE PRESIDENT, RETIRED, SCLENCE AND TECHNOLOGY,
GENERAL ELECTRIC; JOHN B. BUSH, JR., VICE PRESIDENT,
CORPORATE RESEARCH AND DEVELOPMENT, THE GIL-

LETTE COMPANY; AND KERRY DAVLDSON, SENIOR DEPUTY
COMMISSIONER FOR ACADEMIC AFFAIRS AND SPONSORED
PROGRAMS, LOUISIANA BOARD OF REGENTS

Mr. Schmitt. Thank you, Mr. Chairman. I will abbreviate the

submitted oral testimony that I have given to you.

The Chairman. Thank you.

Mr. Schmitt. I appreciate this opportunity to testify on the reau-

thorization of the National Science Foundation. Although I am a

member of the National Science Board, I am not speaking in that

capacity today. I am speaking at the invitation of the committee on

the views I have expressed recently in published articles.

The role of the National Science Foundation in pursuing national

goals is a subject of considerable discussion today. It is usually

characterized by saying that the scientific community believes that

NSF's traditional role of supporting investigator-initiated basic re-

search should be preserved above all else while the political com-

munity and much of the public believe that it should devote most

of its effort to addressing national goals.

My position is very simple: There is no fundamental conflict be-

tween these goals. Along with my oral testimony, I would like to

submit two papers and talks that I have p\*n recently on this

issue, talks and papers I have given to the scientific audience,

pointing out to them the truth of what I have just said.

This morning, I want to address some of the political concerns

and suggest that the national interests are well-served by the pio-

neering academic research typically supported by NSF.
There are fundamentally four rationales for public support of

basic pioneering research. First of all, we are all interested in the

fundamental answers to enduring questions about the universe,

about nature, man and so on. Second, typical American interest is

in being a pioneer, being at the forefront of things. That, of course,

was put to us by Vanever Bush. Third is the usefulness of science,

the tremendous practical impact it has on our daily lives. And
fourth is the political appeal of many scientific projects.

Now, much of the current misunderstanding in my view comes

from the simple fact that scientists and politicians, like much of the

public, have exactly reversed priorities among these four ration-

ales. My position again is that the dichotomy is false. Both parties

can have their way. How do you reconcile these things?

First of all, I want to point out to you that when you go into lab-

oratories where the research is actually done, most of these distinc-

tions lose their meaning. Nature simply does not reveal its secrets

preferentially one way or the other.

When I ran a corporate laboratory, I used to challenge people

who visited it to go into the laboratory, simply observe what the

scientists were doing, the calculations they were making, the

thoughts they were having, the experiments they were doing, and

judge from that whether it was basic or applied. It is hard to do.

Nature does not care what labels and motivations are—only how
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good and clever you are at asking the right questions, devising the
right experiments, and inventing the right ideas.

The basic science, the academic researcher, is good at ferreting

out secrets of nature that are both interesting and useful. The sci-

entist approaches questions by experimentation, by understanding,
by discovering the pragmatist approaches, and by trial and error,

inventing, improvising.

One of my favorite examples is Irving Langmuir, the first U.S.
industrial chemist to win a Nobel Prize. Early in his career at Gen-
eral Electric, the research director asked Irving Langmuir to solve

a problem of blackening light bulb, and he handed him a blackened
light bulb. Langmuir, being a scientist, did not approach that sim-
ply by building bulbs of different sizes and configurations, and fila-

ments of different configurations. He went back into his laboratory
and started trying to understand the physics and chemistry of

what was going on in that light bulb. He was worried. He kept
coming back to the lab director, saying, "I do not know whether I

am making progress." The lab director had enough vision to saying,

"Irving, keep working on it." In the end, he not only learned
enough about nature to solve that problem in a simple way, a way
that would never had occurred to him had he taken a straight-

forward approach that probably would have been better understood
by his industrial leaders, but he not only solved the problem, but
also launched the line of research that led to modern surface chem-
istry and won him a Nobel Prize.

The lesson is simple: You may point to the problems you would
like scientists to address, but then leave them alone. Trying to tell

them what not to do, or to steer them too closely, is like telling a
salesman to quit calling on customers who are not going to buy. It

just does not work.
In practice, the right way to harmonize the divergent interests

of politicians and scientists is to let agency heads and administra-
tors worry about the purposes, and let scientists worry about get-

ting ideas and doing experiments.
Broad goals should flow from top down. What to do about them

should be decided at the bottom. You should let scientists be sci-

entists. They have produced in the past, and they will produce in

the future.

We need to constantly remind ourselves of our fallibility. Tom
Watson, the man who led IBM into the computer industry, in 1943
made the following statement: "I think there is a world market for

about five computers." In fact, Fortune Magazine recently reported,

and I quote: "In 1991, companies for the first time spent more on
computing and communications gear than on industrial, mining,
farm and construction machines."
The Chairman. Give that to us again, please.

Senator MlKULSKl. This is a phenomenal statement.
Mr. Schmitt. I am quoting Fortune, and it said: "In 1991, com-

panies for the first time spent more on computing and communica-
tions gear than on industrial, mining, farm and construction ma-
chines." That was the April 4th issue of Fortune. The same one re-

ports that the cost of the microelectronics in an automobile today
is more than the cost of steel in an automobile.
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The Chairman. Less than health care, probably, though. [Laugh-

ter.] I am sorry to interrupt you.

Mr. Schmitt. I am sorry, I do not have that number. You may
be right.

What I want to point out to you is that the history of the emer-

gence and growth of microelectronics that an automobile has more
of now than it does steel, the history of that is filled with Nobel

Prize-winning scientific discoveries that launched the subsequent
industry-creating, job-creating, life-enhancing revolution.

Why is NSF so important today? To create new jobs, one must
discover and meet new needs, create new markets, introduce new
kinds of products, and launch new industries, rather than focus

solely on refining current ones. Science and technology are the

most important sources of these job-creating new industries.

"Where do these pioneering innovations come from? In the past,

they have come mostly from the corporate laboratories of major cor-

porations like AT&T, IBM, General Electric, Corning, DuPont, and
from research universities, and some of those universities are kind

of interesting—the University of Pennsylvania; Stanford; the Uni-

versity of Alabama at Huntsville, which made a pioneering discov-

ery in high-temperature superconductivity; the State University of

New York at Stonybrook, which pioneered magnetic resonance im-

aging. These breakthroughs include many and most of the pioneer-

ing discoveries you know of. But in the 1980's, the corporate lab-

oratories, responding to the demands of financial markets and the

realization that Japanese companies were beating us in near-term,

commercial R and D, reduced their time horizons. As a result,

these laboratories have become less venturesome.
Research universities also ran into trouble in the 1980's. They

became increasingly troubled despite the fact that there was sig-

nificant growth in financial support for their research. But the Fed-

eral portion of that has dropped from about 68 percent in 1980 to

58 percent in 1991. Academic institutions have had to spend more
and more of their own money on their research, and that, coupled

with all the other financial pressures they are hitting today, is the

thing that is really causing many of their problems.

I believe that NSF, as one of the principal sources of funding for

this pioneering academic research, is becoming more and more
vital to our Nation if we are to continue creating new, job-creating

industries in the future.

Thank you, Mr. Chairman.
The Chairman. Thank you very much.
[The prepared statement of Mr. Schmitt appears at the end of

the hearing record.]

The Chairman. Dr. Bush, go ahead.

Mr. Bush. Thank you for the opportunity to testify today on the

role of the National Science Foundation.
Speaking as one member of the American business community,

and more particularly of the consumer products industry, I want to

underscore the fundamental importance of the NSF's support of re-

search and education to the competitive success of American busi-

ness in the global marketplace. In support of this view, my testi-

mony will illustrate the following three points, using as my exam-
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pie a family of shaving products recently introduced by my com-
pany.
The three points are: 1) the contributions of basic research fund-

ed by the National Science Foundation to the innovation of valu-

able consumer products; 2) the crucial importance of providing for

the training of the high-level technical people who enabled us to

apply the knowledge derived from this research; and 3) the increas-

ingly critical role of strengthening the basic competence of the

American work force in science and mathematics.
I would like to begin by describing my company. Founded in

1901, Gillette is a global consumer products company. We are

headquartered in Boston, where our largest production facility for

blades and razors is located. We also conduct research in our lab-

oratory in Gaithersburg, MD. Our products are distributed in more
than 200 countries and territories. Net sales last year totalled $5.4

billion, and we employ about 33,000 people worldwide, of whom
about 900 work in the technical organizations of the company.
We invest substantially in research and development. Last year,

for example, spending in this area amounted to $133 million, ap-

proximately 2.4 percent of our net sales.

As an indicator of the effectiveness of our approach, 37 percent

of our 1993 sales came from products introduced in the last 5

years. We perform no basic research. We fund very little basic re-

search, and that which we do is generally funded through our par-

ticipation in consortia. However, I hope to convince you by my tes-

timony not only that given enough time, the results of basic re-

search may show up in consumer products, but also that the ability

to recognize and apply relevant basic research results quickly is

part of the technological know how that is essentially to our busi-

ness success.

Let me take as an example three new shaving products that we
collectively designate as the Sensor family. The first member, the

Sensor shaving system, was introduced in 1990. It has proven to

be the most successful product introduced in the history of the com-
pany. In 1992, Sensor for Women, which has also been extremely
successful, was launched, and in 1993, Sensor Excel. There is an
example of Sensor Excel that you can see; it happens to be one
packaged for export to Japan, but it is the product that we make
in our Boston factory.

The Chairman. Can we keep these?
Mr. Bush. Absolutely. We would like your consumer feedback,

please. [Laughter.]

The Sensor Excel is now available in European markets and in

Canada, where it is doing well, and it will be introduced in the

United States later this year, so you will be among the first in this

country to be able to try it.

In 1993, the worldwide sales volume for these products was
about $700 million. There are some 950 people in our South Boston

plant who are directly connected with the production of this family

of products.
What role did NSF-funded research play in this highly successful

innovation? For many years, the NSF has funded basic work in dis-

ciplines such as chemistry, metallurgy, and material science, poly-

mer physics, and materials characterization and analysis at univer-
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sities. The results of this work are reflected in the Sensor family

of products in many ways. For example, the process we use in our
factory to treat the stainless steel used in the blades derives from
principles revealed by work the NSF funded at the University of

California at Berkeley more than 30 years ago. Our understanding
of the plasma deposition process used to coat these blades with a
hard intermetallic compound is based in part on NSF-funded work
at UCLA more than 15 years ago.

I was going to demonstrate, but in the interest of time, I would
suggest if you want to verify what I am saying that you unpackage
at your leisure and observe how these products work. But one of

the distinctive features of the Sensor family is the floating action

of the blades. To accomplish this action, plastic springs are inte-

grally molded into the cartridge. When a potentially serious issue

arose concerning the solvent-induced stress-cracking behavior of

these plastics, information that resulted from research funded by
the NSF at MIT was valuable to us in avoiding the problem.
To support the blades and plastic springs, it proved economically

efficient to weld them to small supports. If you later are able to ex-

amine one of the blades, you will see a series of 13 dots which are

indications of these welds. We found that laser welding is an eco-

nomical and reliable way to carry out this task. While I cannot
make a direct connection with the commercial lasers we use in our
metal joining and forming operations, it seems very likely to me
that some of the university research on lasers and laser materials

funded by the NSF was instrumental in their now widespread in-

dustrial application.

Another example is provided with our experience with the Sensor
for Women razor. This handle is made by a process called injection

molding that involves squirting molten plastic into a metal form
where it is cooled to the solid State in the desired shape. When a
problem with the appearance of the handle surfaced rather late in

the program, our ability to analytically model the injection molding
process and evaluate alternative solutions by computer simulation

in time to meet the launch schedule was very valuable to us. The
analysis was performed with a commercial software program called

C-flow, which comes directly from NSF-funded work at Cornell

University.
The written testimony which I have submitted separately in-

cludes some further examples.
Briefly, I would like to summarize some of the things I think this

suggests. One, there is no short, straight line between research and
its application in consumer products. However, one should not, in

my view, conclude from this that one piece of technical knowledge
is likely to be as commercially useful as another piece.

Two, knowing the right technical facts at the right time is valu-

able. Because we were committed—or have a strategic goal, if you
prefer that language—to innovate a breakthrough shaving product,

we mapped out the possible outcomes based on the knowledge we
had and designed a program to get additional knowledge that we
needed to get the job done. In effect, we placed a series of bets that

working in particular technical areas would pay off for us, and then
we hedged those bets when we thought the stakes warranted them.
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Three, the judgment of economic factors is as important as tech-

nical judgment to innovating a consumer product. Economic judg-
ments about outcomes are important to placing smart bets on tech-

nology.
In the text I have submitted, I comment on the stakeholders in-

volved in this process, and I will amplify on that, I hope, in a mo-
ment, but I would like to suggest that it occurs to me that the Na-
tional Science Foundation needs to devise a suitable political proc-

ess to integrate the views of the stakeholders throughout the NSF
programs that fund basic research. Such a process could, if prop-

erly designed, hasten the transfer of research results into applica-

tion in industry. Steps in that direction have been taken by the en-

gineering directorate through its sponsorship of centers and
through its inclusion of industrial representatives in the peer re-

view process. This recommendation is consistent with the report

that the committee on industrial support for R and D made to the

National Science Board in 1992, and we strongly endorse the rec-

ommendations of that report.

Categorizing NSF program support by strategic themes seems to

me to be a useful start toward a new process for aligning the inter-

ests of the stakeholders in the outcomes of basic research. How-
ever, how determines the strategic goals and how particular

projects are selected against those goals are issues that I believe

deserve wide discussion.

Based on my own experience, I am also concerned that strategic

goals could become a strategic straightjacket. It therefore seems to

me that the NSF should consider establishing a strategic goal with
regard to science itself, to bring into being those fields of research

that break out of the patterns and assumptions of normal science

and technology. It is from supporting research toward this goal

that I would expect new disciplines, redirection of the agendas of

established disciplines, and discontinuous innovation—the lasers

and transistors of the future.

As I stated at the beginning of my testimony, we believe it is cru-

cially important that the American research universities continue

to produce high-caliber people, trained in research disciplines of

value to us. We employ some 37 Ph.D.s in Boston and
Gaithersburg, and approximately two-thirds of them have been in-

volved in work related to the Sensor family. They come from dis-

ciplines as diverse as chemical engineering, polymer science, metal-

lurgy, mechanical engineering, physics, electrical engineering, and
neurophysiology. For many of them—about 40 percent—the United
States is not their native country, but such places as India, China,

South Africa, Greece, and Vietnam. However, in each case, their

graduate education was received at one of the research-intensive

American universities—the University of Massachusetts, MIT, Har-
vard, Johns Hopkins, Howard, Carnegie Mellon, Ohio State, Michi-

gan, and Wisconsin, for example.
By their role in developing new products such as the Sensor fam-

ily, these skilled people are helping to create opportunities for well-

paying, meaningful jobs in the United States.

The third aspect of the NSF mission which I want to stress today
is that of providing a sound basis for competency in mathematics
and science for people entering the work force. It is commonplace
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to note that our schools generally are not adequately preparing
graduates to function in a workplace that demands some pro-

ficiency in science or mathematics. The launch of the Sensor family

brought that home to us. Before we could start production, we had
to develop mathematics classes for our employees to do certain cal-

culations—arithmetic, percentages and the like—required to run
the machinery to make the product. Usually in the startup of a
new production process, the rate at which special machinery can be
built determines the rate at which we can wrap up production.

Contrary to that experience, for a time, we found that we were
being paced by the rate at which we could train our work crews.

While we have been successful with retraining current employees
for more demanding tasks, we are finding that people seeking em-
ployment are increasingly ill-prepared academically to discharge

the responsibilities involved in entry-level jobs. We are participat-

ing in a number of initiatives to upgrade the quality of schools in

and around Boston, but the task is a daunting one. It will need the
creative involvement of all concerned, including importantly, the

National Science Foundation.
In summary, I urge the strengthening of the NSF to carry out

with greater effectiveness its research and education mission, pro-

viding for basic research that meets the needs of the three prin-

cipal stakeholders—American industry, the Federal Government,
and American research universities—also, by creating a cadre of

technically skilled, creative people who can translate knowledge
into products and processes and relate business competitiveness
and income growth to technically; and finally, by equipping Ameri-
ca's citizens with the basic scientific and mathematical competence
to form an increasingly productive work force, working in meaning-
ful jobs and acting as responsible, informed citizens.

Thank you.
The Chairman. Thank you very much.
[The prepared statement of Mr. Bush follows:]

Prepared Statement of John B. Bush, Jr.

Thank you for the opportunity to testify today on the role of the National Science

Foundation. I am John B. Bush, Jr., Vice President, Corporate Research and Devel-

opment, of The Gillette Company.
Speaking as one member of the American business community, and more particu-

larly of the consumer products industry, I want to underscore the fundamental im-
portance of the NSFs support of research and education to the competitive success

of American business in the global market place. In support of this view, my testi-

mony will illustrate the following three points using as my example a family of

shaving products recently introduced by my Company. The three points are:

1. The contributions of research funded by the NSF to the innovation of valuable

consumer products.
2. The crucial importance of providing for the training of the high level technical

people who enable us to apply the knowledge derived from this research.

3. The increasingly critical role of strengthening the basic competence of the

American workforce in science and mathematics.
I would like to begin by describing my Company. Founded in 1901, Gillette is a

fflobal consumer products company. We are headquartered in Boston, where our
argest production facility for blades and razors is located. We also have a research

laboratory in Gaithersburg, MD. Our products are distributed in more than 200
countries and territories. Net sales last year totaled $5.4 billion, and we employ
about 33,000 people worldwide, of whom about 900 work in the technical organiza-

tions of the Company.
We invest substantially in research and development—last year, for example,

spending in this area amounted to $133 million, approximately 2.4 percent of our
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net sales. As an indicator of the effectiveness of our approach, 37 percent of our
1993 sales came from products introduced in the last five years.

We perform no basic research. We fund very little basic research and that which
we do is generally funded through our participation in consortia. In this regard I

believe we "move at a slower technological pace and require few inputs from current

science" but "require the highest levels of technological and production know-
how".^] By the example I hope to convince you however not only that, given enough
time, the results of basic research may show up in consumer products but also that

the ability to recognize and apply relevant basic research results is part of the tech-

nological know-how that is essential to business success.

Let me take as an example three new shaving products that we collectively des-

ignate as the Sensor family. The first member, the Sensor shaving system, was in-

troduced in 1990. It has proven to be the most successful product introduced in the

history of the Company. In 1992 Sensor for Women, which has also been extremely
successful, was launched and in 1993, Sensor Excel. The Sensor Excel shaving sys-

tem is now available in European markets and Canada where it is doing well. It

will be introduced in the United States later this year. In 1993 the worldwide sales

volume for these products was about $700 million. There are some 950 people in

our South Boston plant who are directly connected with the production of this fam-
ily of products.
What role did NSF-funded research play in this highly successful innovation? For

many years the NSF has funded basic work in disciplines such as chemistry, metal-

lurgy, and material science, polymer physics, and materials characterization and
analysis at universities. The results of this work are reflected in the Sensor Family
of products in many ways. For example the process we use in our factory to treat

the stainless steel used in the blades derives from principles revealed by work the

NSF funded at the University of California, Berkeley, more than thirty years ago.

Our understanding of the plasma deposition process used to coat these blades with

a hard inter metallic compound is based in part on NSF funded work at UCLA more
than fifteen years ago.

To accomplish the floating action of the blades in the Sensor family, springs are

integrally molded into the cartridge, When a potentially serious issue arose concern-

ing the solvent induced stress cracking behavior of these plastics, information that

resulted from research funded by the NSF at MIT was valuable to us in avoiding

the problem.
To support the blades on the plastic springs it proved economically efficient to

weld them to small supports. If you examine one of the blades you will see a series

of thirteen dots, which are indications of these welds. Two of the dots are hidden
by the ends of the cartridge. We found that laser welding is an economical and reli-

able way to carry out this task. While I cannot make a direct connection with the

commercial lasers we use in our metal joining and forming operations, it seems very

likely to me that some of the university research on lasers and laser materials fund-

ed by the NSF was instrumental in their now widespread industrial application.

Another example is provided by our experience with the Sensor for Women razor.

The handle is made by a process called injection molding that involves squirting

molten plastic into a metal form where it is cooled to the solid state in the desired

shape. When a problem with the appearance of the handle surfaced rather late in

the program, our ability to analytically model the injection molding process and
evaluate alternative solutions by computer simulation in time to meet the schedule

was very valuable to us. The analysis was performed with a commercial software

program called C-flow which comes directly from NSF funded work at Cornell Uni-

versity.

The written testimony includes some further examples of the ways in which the

results of NSF funded basic research were applied to these products.

The Sensor example suggests some conclusions about the role of basic research

and scientific knowledge in innovating new consumer products.

There is no short straight line between research and its application in consumer
products. In fact, useful as they all were, no single technique or piece of knowledge
determined the outcome. There was no breakthrough" in research that made Sen-

sor possible. However, one should not, in my view, conclude from this that one piece

of technical knowledge is likely to be as commercially useful as another.

Knowing the right technical facts at the right time is valuable. What became the

Sensor shaving system went through six distinct forms over a period of four years

and it triumphed over at least four distinct alternative concepts. With perfect hind-

sight, one could question why we did not go directly to the solutions that we finally

used in Sensor. Because we were committed, had a strategic goal if you prefer that

language, to innovate a breakthrough shaving product, we mapped out the possible

outcomes based on the knowledge we had and designed a program to get the addi-
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tional knowledge we needed to get the job done. In effect, we placed a series of bets

that working in particular technical areas would pay off for us and then we hedged

those bets when we thought the stakes warranted it.

Judgement of economic factors is as important as technical judgment to innovat-

ing a consumer product. Economic analysis of alternatives, based on information,

heuristics, knowledge of consumer behavior, in short the embedded knowledge of the

shaving business was at least crucial to the final success of the Sensor family as

the technical knowledge applied in its creation. Economic judgments about outcomes

are important to placing smart bets on technology.

As a manager, I must be able to answer the question: What research should be

supported today so that the kinds of benefits that we applied in the development

of the Sensor family may be obtained for products and processes that are not yet

even concepts? Stated from the perspective of Congress, that question might become:

what criteria should be used to select research which produces results that further

the economic success of America? There are many stakeholders with interests in the

way that question is answered. As a user of the knowledge from NSF-funded re-

search, I am a stakeholder in its outcomes. Members of the academic community

are most emphatically stakeholders in the outcomes. The federal government in car-

rying out its goals regarding competitiveness and job creation is a stakeholder. It

occurs to me that the NSF needs to devise a suitable political process to integrate

the views of the stakeholders throughout the NSF programs that fund basic re-

search. Such a process could, if properly designed, hasten the transfer of research

results into application in industry. Further steps in that direction have been taken

by the Engineering Directorate through its sponsorship of Centers and through its

inclusion of industrial representatives in the peer review process. This recommenda-

tion is consistent with the report of a Committee on Industrial Support for R&D to

the National Science Board in 1992 [3] We strongly endorse the recommendations

of that report. .

Categorizing NSF program support by strategic goals seems to me to be uselul

start toward a new process for aligning the interests of the stakeholders in the out-

comes of basic research. Who determines the strategic goals and how particular

projects are selected against those goals are issues that I believe deserve wide dis-

cussion. Based on my own experience, I am also concerned that strategic goals could

become a strategic straitjacket. It therefore seems to me that the NSF should con-

sider establishing a strategic goal with regard to science itself—to bring into being

those fields of research that break out of the patterns and assumptions of normal

science and technology. It is from supporting research toward this goal that I would

expect new disciplines, redirection of the agendas of established disciplines, and dis-

continuous innovation - the lasers and transistors of the future.

As I stated at the beginning of my testimony, we believe that it is crucially impor-

tant that the American research universities continue to produce high caliber people

trained in research disciplines of value to us. We employ some 37 PhDs in Boston

and Gaithersburg and approximately two thirds of them have been involved in work

related to the Sensor family. They come from disciplines as diverse as Chemical En-

gineering, Polymer Science, Metallurgy, Mechanical Engineering, Physics, Electrical

Engineering, and Neurophysiology. For many of them (about 40%) the United States

is not their native country but such places as India, China, South Africa, Greece

and Viet Nam. However, in each case their graduate education was received at one

of the research intensive American universities: University of Massachusetts, MIT,

Harvard, Johns Hopkins, Howard, Carnegie Mellon, Ohio State, Michigan and Wis-

consin for example. By their role in developing new products such as the Sensor

family, these skilled people are helping to create opportunities for well paying,

meaningful jobs in the United States.

The third aspect of the NSF mission which I wanted to stress today is that of pro-

viding a sound basis for competency in mathematics and science for people entering

the workforce. It is commonplace to note that our schools generally are not ade-

Jiuately preparing graduates to function in a workplace that demands some pro-

lciency in science or mathematics. The launch of the Sensor family brought that

home to us. Before we could start production we had to develop mathematics classes

for our employees to do certain calculations—arithmetic, percentages and the like-

required to run the machinery to make the product. Usually in the start-up of a new

production process the rate at which special machinery can be built determines the

rate at which we can ramp up production. Contrary to that experience, for a time

we found that we were bemg paced by the rate at which we could train our work

crews. While we have been successful with retraining current employees for more

demanding tasks, we are finding that people seeking employment are increasingly

ill-prepared academically to discharge the responsibilities involved in entry level

jobs. We are participating in a number of initiatives to upgrade the quality of
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schools in and around Boston but the task is a daunting one. It will need the cre-

ative involvement of all concerned, including importantly the NSF.
In summary I urge the strengthening of the NSF to carry out with greater effec-

tiveness its research and education mission:
Providing for basic research that meets the needs of the three principal stakehold-

ers: American industry, the federal government, and American research univer-
sities.

Creating a cadre of technically skilled, creative people who can translate knowl-
edge into products and processes and relate business competitiveness and income
growth to technology ana,
Equipping America's citizens with the basic scientific and mathematical com-

petence to form an increasingly productive workforce, working in meaningful jobs
and acting as responsible, informed citizens.

Thank You
[1] See for example J. Carey, "Could America Afford the Transistor Today?" Busi-

ness Week, March 7, 1994, pp 80-84

[2] Committee on Science, Engineering and Public Policy, Science, Technology and
the Federal Government: National Goals for a New Era, Washington: National
Academy Press, 1993, p 11

[3] Committee on Industrial Support for R&D, National Science Board, The
Competitive Strength of U.S. Industrial Science and Technology: Strategic Issues,
NSB 92-138, August 1992, pp 52-54

The Chairman. That is a good introduction. Dr. Davidson, we are
going to be considering the Goals 2000 bill in a couple of hours, and
obviously, we are going to be considering content standards issues
as well as assessments. I know you have been doing a lot of think-
ing about some of these issues. I did not ask the director earlier

about what NSF is doing in math and science in the development
of content standards, and if you would make some comments on
that as well, as it is appropriate, I would appreciate it.

Mr. Davidson. Thank you, Senator Kennedy, Senator Mikulski.
I am here to speak on behalf of the Statewide Systemic Initiatives

Programs, which are forerunners of the Rural Systemic Initiatives

and the Urban Systemic Initiatives, using Louisiana as an exam-
ple.

As many of you know, Louisiana has not historically been a na-
tional leader in the quality of its K through 12 educational system.
Many indicators of quality, unfortunately, place Louisiana toward
the negative end of the spectrum regarding such matters as the
rate of illiteracy, the rate of poverty, the rate of high school drop-
outs, the rate of teenage pregnancy, the rate of crime, and scores

on national tests.

The one category in which we rank unmistakably as number one
is in the need for school reform. For these reasons, Louisiana may
be considered an ideal test case for the systemic reform program.
If it can happen in Louisiana, it should at least be possible else-

where.
Last weekend, I participated in a 3-day conference of national

and State leaders involved in the systemic reform movement. We
periodically meet to exchange views across States with program of-

ficers at NSF and with other national leaders. One issue we pon-
dered at this conference was how to communicate effectively the
meaning of systemic reform to policymakers, particularly since we
as reformers are daily learning so much about the magnitude of the
effort before us.

One knowledgeable estimate is that continuing revolutions in

technology will require a 90 percent change in the content and
classroom practice of K through 12 mathematics, and almost as
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much change in science. The still developing hand-held graphing

calculator and computer will eventually remodel the learning of 9

through 12 mathematics and science, as much as the four-function

calculator will change K through 8 mathematics.

These devices are transforming what students need to know for

the 21st century and how students will acquire that knowledge. To-

gether with other advances in technology, the dramatic impact on

learning for the 21st century will be comparable to the effect which

the advent of the automobile has had on travel during the 20th

century.
The difficulty in shifting thought from one major paradigm to an-

other may be appreciated if we recall that the automobile was first

known as "the horseless carriage."

Within this context, traditional approaches to the teaching of

mathematics and science in schools have largely become irrelevant.

Guided by national standards, the SSI program in Louisiana has

focused on the redirection of student learning away from paper and

pencil drill and rote memorization toward hands-on problem solv-

ing, communicating, reasoning, and critical thinking. The students

impacted are not only developing an enthusiasm for mathematics

and science; they also exhibit a spirit of inquiry, the curiosity for

understanding, and receptivity for future change, all vital compo-

nents of lifelong learning.

The touchstone of the SSI program in Louisiana and the others

across the Nation is to make these innovative learning approaches

accessible to all students. The SSIs must be understood, therefore,

not as projects or programs in the traditional sense, but rather as

the driving force to change school culture and the broader culture

to accord with learning demands of the 21st century.

It is further noteworthy that the SSIs are the vanguard of the

Goals 2000 movement. Standards-based reforms in mathematics

and science are paving the way for transitions which are also es-

sential to other disciplines. At every level, these questions regard-

ing the SSIs are logically and inevitably posed.

Are changes of this magnitude feasible? Are they sustainable?

My written testimony emphasizes the success of Louisiana's pro-

gram in establishing 29 professional development projects for

teachers throughout the State. These have been competitively fund-

ed, based on a peer review process. We have engaged the services

of more than 120 out-of-State experts from 33 States to help ensure

that the projects provided for teachers are shaped by evolving na-

tional standards in mathematics and science.

These projects have now provided professional development for

over 1,600 teachers, who in turn have impacted over 120,000 stu-

dents and classrooms. Early test results indicate that 5th and 7th

grade students who are taught by teachers in the Louisiana pro-

gram scored higher on a recent statewide mathematics test. An-

other result significantly has been entirely serendipitous. Univer-

sity faculty involved in summer projects for teachers have now
begun to modify their college-level curricula for prospective teach-

ers as well as other students.

I will add two vignettes which bear on the issues of feasibility

and sustain ability. One is a recent letter to me from the principal

of an upper elementary school in Raceland, LA. Including sur-
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rounding suburbs, the population of Raceland is approximately

5,500. This letter was transmitted to me via Raceland's only fax

machine, located at the hospital where the principal's wife works.

With the constraint of time, I will simply read one paragraph from

the letter, and I would like to note that the students are 47 percent

black and 53 percent white.

I quote: "You may be interested in the following information. Our
5th grade California Achievement Test scores in science for the

1992-1993 school session increased by 41 percentile points. Our 6th

grade scores for that year increased 30 percentile points from the

previous year. This year, 1993-1994, as of the second 9 weeks, our

5th grade scores have increased by 21 percentile points. Our 6th

grade scores have increased by 32 percentile points. I attribute

these increases to the implementation of the SSI Louisiana pro-

gram.
The second vignette is a product of a survey of mathematics

teachers in East Baton Rouge Parish or county, which illustrates

the bang we are getting for the bucks you have helped provide. The
context is this. First, out of a $4 billion budget for K through 12

education in Louisiana, including State, local and Federal re-

sources, the moneys devoted to Louisiana's SSI program constitute

one-half of one-tenth of one percent.

To understand this vignette, it is relevant to note that the origi-

nal LaSIP professional development model, which has now been

disseminated statewide for both math and science, was developed

and implemented at the middle school level in East Baton Rouge
Parish by several mathematics professors from Louisiana State

University.
The project has provided direct professional development to only

a small portion of middle school teachers in that parish. Yet a re-

cent survey throughout the parish indicated that 50 percent of mid-

dle school mathematics teachers considered the NCTM national

standards as the primary influence which shaped the way they

teach. At the elementary and high school levels, however, where

the SSI program has not had sufficient resources to extend the re-

form method, only 22 percent and 29 percent, respectively, indi-

cated that the national standards were the primary influences on

their teaching.

We are confident that the evidence from Raceland Elementary

and the survey among mathematics teachers in one parish reflect

the overwhelming evidence statewide that LaSIP professional de-

velopment projects are having a rippling effect. Classrooms and the

school culture are changing.

The SSI program has become a galvanizing message of hope in

an environment of despair, an antibiotic which is pervading the re-

vitalizing the system.
The future of long-term sustainability, as we know, is a projec-

tion into the future which no one can answer with absolute cer-

titude. Yet the teachers at Raceland, the middle school mathe-

matics teachers in East Baton Rouge Parish, and the university

faculty who are revising their courses will not revert to traditional

approaches because NSF moneys are no longer available. And the

parents whose children are scoring higher on mathematics tests
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will not be silent if the process which produced these results is re-

versed.
In these and many other ways, the Louisiana landscape is chang-

ing in an unprecedented and irreversible manner. Even an oak

tree, however, has to have time to extent its roots before it is cer-

tain to withstand the inevitable storms and winds. And as we have

learned from those wiser than we, all educational reform, like all

politics, is ultimately local. We need more Racelands to dramatize

that reforms are translated into more effective student perform-

ance. We need higher percentages of teachers committed to na-

tional standards at the elementary and high school levels, in

science as well as mathematics.
I personally believe that two 5-year cycles of combined NSF-State

funding are needed in Louisiana to ensure this result.

In conclusion, in light of the transforming impact of technology,

and in light of the growing consensus that schools, notwithstanding

notable pockets of quality, are generally considered outmoded and
anachronistic, maintenance of the present system is not feasible or

sustainable.
Systemic reform is an idea whose time has come. What has not

been resolved is the nature of changes on the horizon. Whether the

commitment of SSIs to prepare all students for life and careers in

the 21st century will be realized, or whether more exclusive options

will be chosen, viewed in this perspective, the central issue be-

comes not whether the SSIs can be successful, but rather that the

stakes are so high that they cannot be allowed to fail.

Thank you for the opportunity.

[The prepared statement of Mr. Davidson follows:]

Prepared Statement of Dr. Kerry Davidson

i. introduction

Chairman Kennedy, and members of the committee, I welcome the opportunity to

testify on behalf of legislation to reauthorize goals and programs of the National

Science Foundation, in particular the SSI programs which represent a fundamental

change of thinking in the nation's attempts to strengthen mathematics and science

education. The essential premise of SSI is that systemic barriers hamper efforts to

prepare students for life and careers in the 21st century; these barriers can be over-

come only by strategies of investment and change which are themselves broad and

comprehensive, i.e. systemic.

The SSI program in Louisiana (LaSEP) was one of the first ten which NSF funded

during 1991. The purpose of this testimony is to examine the statewide impact

which LaSIP and similar programs have had during the first two and one/half

years.

II. PARTICIPATING SSI STATES

The State Systemic Initiative (SSI) Program, inaugurated by the NSF in FY 1991,

currently consists of 25 states and Puerto Rico (see Appendix A). These programs

represent efforts to relate the major components of successful science and mathe-

matics education: teacher enhancement, curriculum development, standards and as-

sessment, underrepresented population development, informal education, edu-

cational technology and public awareness/outreach. While the program in each state

is unique, all 551 programs are drawn together by these common goals and initia-

tives.

III. OVERVIEW OF THE LOUISIANA SYSTEMIC INTTIATrVES PROGRAM (LASIP)

The Louisiana Systemic Initiatives Program (LaSD?) is a five-year, $20 million

plus undertaking to reform the teaching and learning of mathematics and science

consistent with the rapidly changing needs of the age of technology. LaSIP embraces
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and emphasizes the major dimensions of systemic reform. The scope of the reform

endeavor is, therefore, systemwide, involving policymakers, professors, administra-

tors, classroom teachers, the business community, and other stakeholders. LaSIP
has served as a catalyst to encourage universities and school systems to coalesce

into effective lasting partnerships, and to embrace, thereby, the diverse constitu-

encies with which schools and colleges interact.

This report assesses accomplishments, challenges, and prospects within the con-

text of relevant demographic data. Implementation of national standards and con-

cepts for mathematics and science education has remained LaSIFs guiding goal.

Professional development for teachers, as the most powerful catalyst to directly im-

pact learning, has been LaSIPs highest priority. The development of curriculum and
related assessment frameworks and the reform of teacher preparation have now
joined professional development as premier priorities. For these and other areas,

significant evolutions in insights and approaches have occurred.

The unfolding of trends at the national level, the deepening of perspectives

through day-to-day experience, and evolving funding opportunities have all helped

reshape the initial contours of LaSIP. Evolving priorities and programs of LaSIP re-

flect, therefore, expanding and transforming goals of reform.

A. SCHOOL DEMOGRAPHICS FOR LOUISIANA

—The state has over 50,000 teachers and almost 900,000 students.

—The Afro-American school population is over 40 percent compared to approxi-

mately 16 percent nationally.

—The disadvantaged urban population is 23 percent compared to 10 percent na-

tionally.

—More than 50,000 school-aged children live in homes where English is the sec-

ond language.
—Louisiana has the highest rate of illiteracy in the nation (adults with less than

five years of schooling) and the third highest rate of teenage pregnancy.

—Less than 60 percent of the seventh graders subsequently graduate from tradi-

tional state high schools.

—The educational system has a strong centralized basis.

—The legislature has mandated both statewide curricula and assessment.

—Louisiana is one of only 10 states that requires 3 mathematics credits for high

school graduation; and one of only 3 states that requires 3 science credits for high-

school graduation.
—The most advanced degree for approximately 58 percent of public school teach-

ers is a bachelor's degree.

—More than 30 percent of the science teachers and 15 percent of the mathematics

teachers are not certified in their fields.

—Lifetime certification for teachers is granted after three years.

—The average teacher salary and per pupil expenditure rank 42nd in the nation.

—The 1992 NAEP results in mathematics rank the state 40th of the 41 states

tested.

B. ORGANIZATION AND MANAGEMENT

The program is governed by the LaSIP Council, a statutory body of 29 members
representing all major stakeholders. The Council is chaired in alternate years by the

Chairman of the Board of Regents (BoR) and the President of the state Board of

Elementary and Secondary Education (BESE). The formal and philosophical man-
date of the Council is to recommend, support, and effect standards-based reform of

mathematics and science education. Where changes in legislation and other policies

are deemed essential, the Council recommends such changes to the appropriate gov-

erning authority.

Objective indices support the Council's efficacious role of leadership, and the

strong supporting roles of BESE and BoR. The Board of Regents, which is providing

$5 million for LaSIP and $2.5 million for the Louisiana Collaborative for Excellence

in the Preparation of Teachers (LaCEPT), has voted seven times during 1991-93 on

matters relating to mathematics and science education reform. Each vote of the 16-

member Board has been unanimous. On each occasion during 1991-93 when the

BESE has voted to establish or to continue annual funding for LaSIP, the vote of

the 11-member Board has been unanimous. After competitive reviews, the LaSIP

Council has authorized funding for 49 professional development projects, 8 MSEA
projects, and 22 Local Systemic Sites. Each of these votes has been without dissent.

During December 1993, the following query wasposed to each member of the BoR
and the BESE: "I view the overall impact of LaSff on mathematics and science re-

form as either highly positive, positive, acceptable, or not acceptable." Twenty-five
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of the 27 board members replied, and all 25 judged the impact of LaSIP to be either

highly positive or positive. Each respondent, notably, represents and interacts with

sizable constituencies.

In many respects the fiscal management of LaSIP, like other components, has also

required the intermeshing of disparate "systemic" elements. Coordination among
multiple of funding sources, fiscal agents, fiscal years, accounting philosophies and
practices has not always been simple to accomplish. Unplanned delays in the dis-

bursement of funds have occurred. The strength of LaSIP has been unequivocal sup-

port from chief executive officers and their governing bodies. The major hurdles to

efficient financial management are, therefore, being addressed and overcome.

C. STRATEGIES OF IMPLEMENTATION

LaSIP employs a systemic approach to the achievement of standards-based re-

form. The scope of the endeavor is thus as broad as society and as dynamic as rap-

idly progressing insights. Traditional approaches to the implementation of special-

ized programs and projects cannot fully embrace the scope and complexity of this

uncommon approach to reform. All targets are moving: the definition, understand-

ing, and priorities among goals and programs- the relevance of strategies to be em-
ployed; the significance and congruence of indicators; and the correlations of these

variables to interpretations and conclusions. To be valid, the process of implementa-

tion must reflect the capaciousness and orbit of systemic reform and any corrections

that are made must be highlighted by both the constancy and evolution of relevant

variables.
While remaining firmly anchored by the quest to achieve standards-based goals,

LaSIP has combined continuity of its principal focus on professional development

with significant adaptations of strategies and tactics for many other areas. Respec-

tive initiatives and programs have been revised to capitalize on leadership potential

and to reflect changing phenomena-intellectual, organizational, financial, and politi-

cal. As a consequence, LaSIP's strategies for the implementation of programs have

always been midstream, adapting to changing realities. Evolving definitions and im-

plications of the standards are continually reevaluated in relation to various LaSIP
programs.
A variety of factors influence these choices: the insights derived from experience;

the emergence of different needs; the identification of individuals with leadership

qualities; new funding opportunities; and changing understandings of national

trends. Within this context, the overall La SIP strategy has been to continually re-

assess directions while programs are in motion, to "redesign by design" as a way
of recognizing the dynamic character of systemic reform.

D. INITIATIVES AND PROGRAMS

LaSIP embraces eight interrelated initiatives: professional development, teacher

preparation, curricula, assessment, teacher certification, educational technology,

partnerships with the private sector, and information dissemination. During the

first two years of operation, each initiative was guided by a separate panel including

teachers, administrators, university faculty, and other stakeholders. These panels

served as focus groups to broaden awareness of the meaning of systemic reform and

help LaSIP create integrated visions for respective initiatives and the entire pro-

gram. Each panel developed plans and strategies to help guide systemic reform for

its respective initiative. By the close of the second year, efforts to establish aware-

ness and to formulate initial plans had been fulfilled; consequently, LaSIP restruc-

tured panel efforts—some panels were strengthened, some were combined, and oth-

ers assumed redefined roles. The individual initiatives are discussed in the respec-

tive sections that follow.

III. INSERVICE/PROFESSIONAL DEVELOPMENT

Major Achievement: Over 1,600 mathematics and science classroom teachers par-

ticipated in 49 LaSIP professional development projects during FY 1992-94. The typ-

ical project offers each participant 120-180 hours of concentrated, integrated expo-

sure to both content and methods. Over 100,000 students have been directly im-

pacted through these 1,600 teachers.

The professional development activities of LaSIP haveplayed a vital role in estab-

lishing the credibility of the reform effort and of LaSIP itself. The budget reflects

the central role of professional development, which is allocated approximately 70

percent of total LaSIP funds, including 75 percent of higher education MSEA funds.

The effort to make school mathematics and science relevant to the 21st century

has encountered considerable obstacles, not the least of which has been the general
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lack of understanding of the depth and scope of change needed in school culture.

To address this issue, professional development has provided educators the perspec-

tive and sophistication of knowledge that continually evolving national standards re-

quire. The design incorporates systematic follow-up support to assist teachers in im-

plementing longterm changes in student learning.

LaSEP site coordinators are key elements of support. The coordinators are care-

fully selected, full-year project staff members with extensive classroom experience

at the targeted grade level and have a demonstrated commitment to standards-

based student learning. They serve as key points of contact between faculty and par-

ticipants, provide feedback from journals, demonstrate classroom practice, order ma-
terials, hold academic-year workshops, and visit classrooms during the school year.

The commitment, dedication, and both organized and informal networking of site co-

ordinators are vital elements to the success of LaSEP.
Primary emphasis has been placed on projects for teachers in the middle school

grades 4-8. The rationales for this decision were: (1) the critical need for reform of

mathematics and science instruction at these grade levels; (2) the need to impact

all students with reformed mathematics and science education to prepare citizens

for the 21st century; (3) the inadequate supply of teachers qualified at these grade

levels to instruct in the reform mode; and (4) the expectation that greater comfort

with and understanding of mathematics and science will help reduce the high drop-

out rate in Louisiana's public schools. To date, approximately 80 percent of the pro-

fessional development projects sponsored by LaSEP have been targeted at these lev-

els.

Characteristics of most professional development projects include: (1) specifically

designed course content with emphasis on reasoning, investigating, and practical

understanding of concepts; (2) recruitment of 30-33 current teachers of mathematics

and/or science in pairs from schools; (3) summer and/or academic-year institutes

providing 120 to 180 hours of concentrated, integrated exposure to grade-level rel-

evant content and methods; (4) academic-year follow-up activities including class-

room visits and day-long workshops; (5) $300 allotment per participant for class-

room materials; (6) graduate credit for successful participation in most projects; and

(7) stipends ($60/day) for program participants.

Although independently designed and implemented, all professional development

projects are based on statewide guidelines stipulated in LaSIFs annual request for

proposals (RFPs) which are transmitted to all colleges, universities, and school sys-

tems. Earlier NSF/LSU projects have served as a model on the basis of which LaSEP

projects were designed. Staff of most LaSEP projects include joint involvement of

mathematicians/scientists, mathematics/science educators, and site coordinators.

Professional development projects are awarded competitively, based on rec-

ommendations of out-of-state consultants. The consultants review proposals and per-

sonally interview project staff. This merit based approach to the implementation of

national standards is the critical axis on which the LaSEP program turns.

The statewide projects have provided professional development for teachers in

each of the state's 64 parishes. In 45 of these parishes, ten or more teachers have

been involved in LaSEP projects. One consequence of such empowerment of teachers

is that they become change agents for, and magnets of, reform by leading workshops

for other educators in their areas.

The results of separate statewide tests in mathematics for grades 5 and 7 indicate

that students of LaSEP teachers are scoring slightly higher as a group than their

respective grade-level populations. The test results are derived from the spring 1993

administration of the Louisiana Educational Assessment Program (LEAP) criterion-

referenced tests. The LEAP test items, it should be noted, are based on a pre-reform

curriculum formulated in the early 1980s; they are not designed, therefore, to meas-

ure the problem solving and critical-thinking skills being developed through LaSEP

professional development projects.

Professional development provides a foundation for other reform initiatives by cre-

ating a critical mass of informed teachers, school administrators, and university fac-

ulty. During 1994, LaSEP anticipates funding a minimum of 24 additional projects

directly impacting an additional 800 mathematics and science teachers.

IV. OTHER COMPONENTS

A. DIVERSITY

Major Achievement: Whereas during 1992-94, 43 percent of K-12 students in Lou-

isiana schools have been minority students, 48 percent of the students impacted by

teacher-participants in LaSEP Professional Development Project have been minori-

ties.
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While diversity has permeated all components of LaSIP, the issue is emphasized
separately due to its importance and because of the significant evolution in LaSIPs
approach to this matter. A priority of LaSIP has been to enhance the teaching and
learning of school mathematics and science for all students, in particular those from
traditionally underrepresented groups. The primary effort to date has been through
professional development projects that focus on teachers and students in grades 4-

8, reaching all students during a critical formative stage.

A goal has been to reflect ethnic, gender, and geographic diversity through rep-

resentation on LaSIPs key governing and advisory bodies and in all of LaSIPs pro-

grams and activities, as evidenced below:

—Women and minorities serve as chairs and co-chairs of a number of panels and
steering committees, and are well represented on all out-of-state review teams, pro-

gram evaluation teams, and in-state reviews.

—On March 10, 1992, the LaSIP Council adopted the policy that "LaSIP shall pro-

vide special assistance to Historically Black Colleges and Universities (HBCUs) in

order that they may exercise leadership roles in addressing the needs of Louisiana's

black population.''

—LaSIPs RFP requires that all funded programs actively recruit both minority
teachers and teachers of minority and underrepresented students, and that atten-

tion be given to gender and ethnic differences in learning styles.

—Activities that promote an understanding of diversity ad differences in students'

learning styles have been modeled at statewide meetings for site coordinators and
other key change agents.
—To ensure cultural sensitivity in the mathematics ad science frameworks, a Lou-

isiana Equity Review Team has been established to review framework documents
and to provide technical assistance during development.
—To enhance the learning of all students and, in particular, to narrow the gap

between the "haves" and the "have nots," LaSIP has developed an Action Plan for

Equity and Diversity Awareness and Training. During the spring of 1994, three con-

ferences, to be attended by LaSIP staff and/or professional development project di-

rectors and their staffs, will address ethnic and gender diversity issues.

LaSD? has successfully included representation of females and ethnic minorities

in every dimension of its program. This accomplishment, though significant, re-

mains insufficient. Additional efforts are needed to address gender and ethnic atti-

tudinal biases that result in negative learning signals for many students.

B. TEACHER PREPARATION

Major Achievement: As an indirect outcome of the LaSIP initiatives, the "Louisi-

ana Collaborative for Excellence in the Preparation of Teachers" (LaCEPT) was
funded by NSF in March 1993. The five-year, $4 million NSF grant was matched
with state funds from the Board of Regents of $2.5 million.

To effect systemic reform, LaSD? has always recognized the necessity of a major
redesign of teacher preparation toward standards-based lifelong learning and future

change. That redesign must focus on the special issues, problems, and opportunities

at the college and university levels.

LaSDP's locus on 4-8 grade-level professional development has provided a spring-

board for radical rethinking of preservice programs. University mathematics and
science faculty have, for the first time, become acutely aware of the needs of teach-

ers; this more sensitive understanding has led to new goals and directions for col-

lege-level curricula. For example, the chairs of the mathematics departments at

Louisiana State University and the University of Southwestern Louisiana, both
LaSIP professional development project directors, are leading their respective uni-

versities toward reform in teacher preparation.

Two statewide mathematics preservice conferences have stimulated inter-univer-

sity discussions concerning the reform of university level mathematics, particularly

addressing the graphing calculator and its implications for major changes in content

emphasis. Several universities are now requiring graphing calculators for mathe-
matics courses. In January 1994, LaSDVLaCEPT will host a science preservice con-

ference to discuss issues pertaining to the reform of university science.

The funding of LaCEPT, which is closely intertwined with LaSD?, has provided

Louisiana with a major boost toward reform not only in preservice courses but more
generally in all mathematics and science courses. The 1991-92 Board of Regents' re-

view of mathematics and science programs, as promised in the LaSD? proposal, was
a semiannual event in developing a basis for preservice reform, providing the state

with baseline information from which to gauge growth. After the grant was award-
ed, LaCEPT instituted an internship program in conjunction with the LaSIP profes-
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sional development projects. In 1993, ten college and university mathematicians and

scientists served as interns in the summer component of LaSIP projects.

During December 1993, LaCEPT awarded 4 planning grants and 8 Campus Re-

newal Grants (CRGs) to 12 universities, totaling more than $800,000. The planning

grants will support campus preparation leading to larger CRGs in subsequent years.

The CRGs are directed toward the reform of teacher-preparation curricula in mathe-

matics and/or science. A special research component housed at LSU will explore and

illuminate the extent to which CRGs are efficacious.

During January 1994, LaCEPT held a statewide science conference which fea-

tured national representatives and attracted approximately 180 scientists, with each

college and university represented.

C. CURRICULA

Major Achievement: The U.S. Department of Education funded a $900,000 Louisi-

ana Mathematics and Science Framework Project, a collaborative partnership be-

tween the State Department of Education (SDE) and LaSIP, to produce effective

mathematics and science curricula and assessment frameworks based on national

standards. .

The goal of the Curricula and Curricular Materials Panel is to assist the but, in

developing mathematics and science frameworks and state assessment instruments

aligned with national standards, and to identify instructional materials that support

reform curricula and assessment. Panel members decided to establish subpanels for

mathematics and science. Each subpanel consists of approximately 30-40 members
representing all educational stakeholders.

The subpanels employed national consultants to assist in broadening understand-

ing and building consensus for curricular reform. Members examined the current

state of affairs within Louisiana and determined how best to align state curricula

and assessment with national reform. LaSIP and the SDE recognized the need for

significant additional collaboration and funds to adequately address the state's cur-

ricular needs. With extensive statewide collaboration, a Framework Development

Grant Proposal was submitted to the U.S. Department of Education by the SDE and

LaSIP. The proposal included commitments of support from over 35 stakeholders,

including state professional organization leaders, LaSIP panel chairs, university fac-

ulty, technology specialists, Eisenhower coordinators, Regional Service Center Direc-

tors, and business and industry representatives. The $900,000 grant proposal, fund-

ed in August 1993, exemplifies the broadening basis of systemic reform in Louisi-

ana.
, . ,

Both K-12 Mathematics Framework and grade-level handbooks are being devel-

oped. The drafts of the Mathematics Framework, including core content for 5-8

Gades, are being examined by over 800 teachers, and will soon be reviewed by a

•uisiana Equity Review Team, a National Validation Team, and a group of busi-

ness and industry representatives. Thirty teachers across the state are piloting an

8th-Grade Mathematics Handbook, designed to assist the teacher in translating the

NCTM Standards into classroom practice. During the spring of 1994, the core con-

tent for the K-4 grade levels will be developed; the 9-12 core content will be devel-

oped during the fall of 1994.

the science subpanel has completed writing the draft of the introduction to the

framework and has established steering committees to oversee the writing of each

section of the teacher handbooks for various grade-level ranges. A draft of the 6-

8 science framework should be completed by June 1994.

Louisiana has a legislatively mandated state accountability program that requires

the direct alignment of test items for students with the state curriculum. The cur-

rent criterion-referenced tests are characterized by traditional multiple-choice for-

mats that primarily include fact-recall questions in science and computational items

in mathematics.
The SDE is exploring the feasibility of developing performance assessment tasks

for the criterion-referenced tests. During the 1992-93 school year, over 750 students

participated in a seventh-grade pilot mathematics performance assessment test, ad-

ministered through the SDE. Further, approximately 600 eighth-grade students par-

ticipated in a pilot performance assessment test developed by the state of Maryland.

In both instances, the SDE engaged LaSIP teachers to administer and score tests,

using these opportunities as expanded professional development experiences for

While the state is making considerable progress toward reforming mathematics

and science curricula, among the several challenges that remain are: (1) how to de-

fine curricula for 9-12 grade levels, considering the far-reaching implications of the

graphing calculator on high school mathematics; (2) how .to ensure equitable access
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to instructional materials for all students; and (3) how to appropriately and effec-

tively integrate computers into the classroom.

D. TEACHER CERTIFICATION

Major Achievement: Three statewide conferences are being held to discuss needs,

barriers, and choices involved in the modification of certification requirements.

Traditionally, Louisiana has had no middle school certification. Because of the

critical shortage of mathematics and science teachers, panel members recognized

that changes in certification requirements must occur in a manner that ensures an

adequate supply of teachers who meet the new requirements. A problem lies in the

fact that the authority for the various changes needed resides with different institu-

tions. The SDE determines certification requirements, and each college or university

develops its own preservice program.
During the first years of LaSIP, the Teacher Certification Panel reviewed certifi-

cation policies and requirements from Louisiana and other states, NCATE and

NSTA recommendations for certification, and reports from the Council of Chief

State School Officers.

A steering committee was recently established to organize three statewide con-

ferences to address certification issues at the K-4, 5-8, and 9-12 levels. The meetmgs

featured the representation and advice of affected groups, including teachers.

The panel will continue to work with the BESE task force established by the state

legislature to develop certification requirements for environmental science and with

the committee established by BESE to revise Bulletin 746, which governs all certifi-

cation requirements in Louisiana In cooperation with the SDE ad other policy-

makers, the panel plans to recommend standards-based modifications in certifi-

cation requirements for K-12 mathematics and science teachers.

E. PROFESSIONAL PARTNERS

Major Achievement: A Professional Partners Handbook and Resource Guide has

been developed to help direct the development of partnerships at the regional level.

Though the original intent of the partnership initiative was to coordinate efforts

on a statewide basis, the panel and the LaSD? staff realized that partnerships have

already developed throughout the state at local and regional levels. This trend accel-

erated with establishment of the 49 professional development projects. The Profes-

sional Partners Initiative was accordingly redesigned in the spring of 1992. The

panel was dissolved and a half-time partnership consultant was employed and

charged with the responsibility of developing a handbook to guide local schools and

districts in developing their own partnership programs, and a resource database

that could be used by both educators and the business community.

The professional partners initiative will continue to focus on regional, local, and

statewide issues, working closely with the Information Dissemination Initiative to

engage community and parental involvement in standards-based mathematics and

science education. The consultant will build baseline data and collect follow-up data

on professional partnership activities. In cooperation with other members of the

LaSD? staffthe consultant will use the handbook and resource guide to help teach-

ers appreciate the impact that carefully designed partnerships with the business

community can have on classroom learning.

F. EDUCATIONAL TECHNOLOGY

Major Achievement: A statewide plan for educational technology has been devel-

oped, and manipulatives and grade-appropriate calculators have been placed di-

rectly in the hands of many teachers and students.

During the first year, national consultants were employed to help inform the Edu-

cational Technology Panel and other state leaders. Afterwards, the panel drafted a

strategic plan for educational technology that emphasized the coordination of re-

sources statewide. The plan identified pockets of excellence and of poverty m tech-

nology, and noted challenges to the dissemination of pacesetting technologies state-

wide
Panelists recognized that additional resources would be needed to network the

state. To further this goal, the BoR successfully submitted a $500,000 proposal

(LaCHEN), funded by NSF, which now networks the state universities and colleges.

Concurrently, the State Office of Telecommunications Management established

LaNET, a statewide electronic network.

LaSBP's professional development initiative has emphasized the integration of

technologies within the classroom. University faculty, stimulated by their involve-

ment in LaSD3 projects, are hosting graphing calculator workshops statewide. Some
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universities are requiring the use of graphing calculators in their classrooms. In ad-

dition, exemplary software programs that support national standards are dem-
onstrated in various settings.

LaSEP recognizes that awareness of Internet's capabilities is paramount. As a con-

sequence, LaSIP has organized Internet training sessions for personnel from the

SDE and professional development projects. Over 40 individuals participated in

training scheduled during December 1993. Additional sessions will be planned later.

The challenges for developing a comprehensive technology program in the state,

though formidable, are recognized. Recently, Governor Edwards issued an executive

order to develop a statewide technology plan by July 1994. Members of the LaSD?
Educational Technology Panel will be a part of the task force.

During February 1994, LaSD? submitted a planning proposal in response to the

NSF's Networking Infrastructure for Education (ME)RFP. The purpose of the pro-

posal is to design a plan which integrates the disparate statewide components of

electronic networking.

G. INFORMATION DISSEMINATION

Major Achievement: Broadening awareness and understanding of the need for re-

form has been facilitated through newsletters, public service announcements and
videos, statewide broadcasts, and a Tri-State Conference.

Six issues of NEXUS, LaSDT's newsletter, with an approximate circulation of

8,500 per issue, have been distributed to principals, teachers, universitypersonnel,

policymakers, and SSI, NSF, EDC personnel (see Appendix B). Further, a

massproduced bumper sticker has been distributed statewide.

A one-hour live, statewide broadcast featuring Governor Edwin Edwards, me, as

project director, and LaSD3 Co-Project Director Raymond Arveson, was aired and
then rebroadcast a week later because of intense viewer interest. The program in-

cluded a live simulcast from Natchitoches in northern Louisiana, interactive re-

sponses to questions posed by the Governor to teachers assembled at 12 specially

equipped sites aroundthe state, a live studio audience, and callers posing questions

to the panel.
With financial assistance from NSF and the Southwest Educational Development

Laboratory, LaSD? hosted a Tri-State Conference, "Arkansas/Louisiana/Mississippi

2000 in Mathematics and Science Education," in New Orleans July 11-13, 1993.

More than 500 individuals attended, including representatives from school systems;

colleges and universities; business, industry, and labor; community and professional

organizations; and the governmental sector of all three states.

LaSD?, Louisiana Public Broadcasting (LPB), and the Audubon Institute are plan-

ning to produce a 30-minute "habitat television show for children ages 7-12, and
10 30-second institutional TV spots promoting conservation, science, and nature.

Governor Edwin Edwards honored recipients of 1994-95 LaSD? and LaCEPT
awards on January 27, 1994, at a special press conference.

LaSD? will establish an internal computer network during 1994 with the capacity

to include toll-free access for the dissemination of information regarding mathe-
matics and science education. Once established, it is envisioned that this network
will serve as a gateway between SSDSTET, SCrNET, NSFNET, and educators

throughout Louisiana.

H. REGIONAL AND LOCAL INSTITUTIONALIZATION OF REFORM

Major Achievement: After a careful review by out-of-state consultants that identi-

fied exemplary local programs and collaborations, reform efforts of the local Sys-

temic Sites and Regional Service Centers are being restructured to more effectively

coordinate and institutionalize reform at the local and regional levels.

LaSD? has established Local Systemic Sites (LSSs) at cooperating universities,

and strengthened the mathematics and science K-12 outreach at the SDE's eight

Regional Service Centers (RSCs). In FY 1993-94, 22 LSSs received $330,000, or

$15,000 per site; RSCs received $240,000, or $30,000 per site. The intent of LaSD5

has been that LSSs and RSCs in each region will integrate efforts to maximize the

impact of reform at the community level. LaSD3 has found pockets of excellence in

activities of both the RSCs and the LSSs; interaction has varied greatly, however,

between the RSCs and the LSSs in different regions throughout the state.

Concerned with improving the effectiveness of local and regional implementation,

LaSD? employed an out-of-state review panel to evaluate the effectiveness of Local

Systemic Sites. After reviewing documentation, conducting personal interviews with

Systemic Site Pis, and discussing local and regional efforts with the LaSD3 staff,

the panel recommended an RFP process to effect a reduction in the number of ad-

ministrative centers and sites to eight, to coincide with the eight geographical re-



47

gions currently defined by the RSCs. The panel further recommended that a full-

time director be employed at each site. The panel's recommendations will be pre-

sented to the LaSIP Council at its January meeting.

I. EVALUATION

Assessment of the extent to which in-state directions and practices reflect the re-

quirements of national reform has been the overarching consideration shaping strat-

egies for evaluation. Four approaches have been followed: (1) recognized out-of-state

consultants have frequently t>een engaged to conduct evaluations and to broaden

perspectives of in-state reformers; (2) maintaining competence and currency of the

grofessional staff has remained an essential priority; (3) change agents for reform

ave been strategically placed in schools, localities, and regions; and (4) an overall

plan of evaluation has been formulated to calibrate success m achieving general and
specific goals.

The classic separation of formative from summative evaluation has only limited

meaning when applied to LaSIP. Preliminary summative judgments are continually

reshaping goals and expectations. Staff reassessments and review by out-of-state

consultants have constituted consequential ongoing evaluations, both formatively

and summatively; these have helped modify directions of developing programs based

on emerging needs and opportunities. Data are collected and collated based on indi-

cators identified for LaSIP s overall systemic goals, along with indicators for respec-

tive initiatives and programs.
The evaluation model, inclusive of dynamic goals, strategies, priorities, and pro-

frams, has necessarily remained adaptive itself Ways of collecting and interpreting

ata continue to evolve as the scope, meaning, and implications of standards-based

systemic reform are more fully understood.

V. SUMMARY AND CONCLUSION

Perspectives of the key stakeholders in Louisiana regarding systemic change and

modes of implementation have deepened considerably during the last three years.

The breadth and depth of vision has been sharpened by the evolving science Bench-

marks and Standards, the NCTM Professional Standards, the greatly increased em-
phasis on assessment and diversity issues, the continuing revolution in interactive

technology, and the growing realization that the still developing hand-held graphing

calculator (and/or computer) will eventually change 9-12 mathematics and science

as much as the four-function calculator will change K-8 mathematics.

It is roughly estimated that the ages of technology and information require a 90

percent change both in K-12 mathematics content and classroom practice, and al-

most as much change in science. This formidable challenge is also a golden oppor-

tunity. Modern transformations are making most of traditional school mathematics

and science irrelevant to life in the 21st century. It has become imperative to help

redirect student learning away from paper-and-pencil drill and rote memorization

toward hands-on problem solving, communicating, reasoning, and connecting, which

are all pervasive themes of the Benchmarks and the NCTM Standards.

At this stage, LaSIP assesses the efficacy of its efforts in relation to the mag-

nitude of change required. Early results have been encouraging. The professional

development program, the core of LaSIP, has exceeded expectations in the wide

replicability of, and improvement on, the original NSF-supported models. The pri-

mary focus on teachers of grades 4-8 and their students was wisely chosen. Initial

general skepticism about a new program with statewide ambition has largely been

overcome by the enthusiasm and dedication of teachers, faculty, policymakers, and

other stakeholders across the state. The NSF and matching state funds have been

expended as originally planned. There have been no personnel turnovers on LaSIFs
carefully selected professional staff, now identified statewide as reform leaders. And,

notably, there has been no recorded dissent on any major LaSIP funding issue voted

on by the BoR, the BESE, or the LaSIP Council. Both within and outside Louisiana,

the LaSIP staff has been encouraged by enthusiastic comments about the LaSEP

program. Out-of-state visitors and consultants, including those with ties to NSF,
have generally concluded that the program is achieving its goals in impressive ways.

Other developments have also been particularly gratis. Across the state there are

now inspired teacher-leaders, other school personnel, and university faculty who
have become fully committed to the vision of standards-based reform. They are lead-

ing many others to the belief that the massive educational changes needed to equip

Louisianians for life in the 21st century are indeed possible. Highly effective and

unprecedented relationships have been forged between members of the institutions

of higher education (IHEs) and local education agencies (LEAs). A vision has

evolved among IHE personnel (mathematical, scientific, and educational) regarding
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the reform of teacher preparation programs that would have been unthinkable two

years ago. Such faculty involvement and attitudes have led to the development of,

and NSF funding for, the Collaborative for Excellence in the Preparation of Teach-

ers and an evolving plan by chemistry faculty to submit a statewide proposal to

NSF for the reform of chemistry curricula.

While considerable work remains to be done, the accomplishments of LaSEP have

been notable. Furthermore, LaSIP has helped to alter the Louisiana landscape in

a manner that enhances prospects for the longer-range achievement of standards-

based systemic reform.

[Due to the high cost of printing, the appendixes A-C are retrained in the files

of the committee.]

The Chairman. That is certainly a hopeful commentary in terms

of what can be done in our society in the areas of education reform.

It is an interesting fact that we will be doing Goals 2000, not that

goals, obviously, will do all the things that we hope it will do, but

it is very closely aligned to take advantage of many of the points

you make.
I will just take a couple of minutes because of the time con-

straints, but in looking over the program, as I understand, you
have three substantive elements of reform, including professional

development, which is obviously the teachers, and pre-service

teacher preparation—I am not quite sure what that is.

Mr. Davidson. That is primarily revisions in the college-level

courses and curricula that help prepare future teachers.

The Chairman. So that is again for the teachers?

Mr. Davidson. For the teachers of the future, yes.

The Chairman. OK And then curricula and assessment—are

these content standards in terms of the curricula; is that what we
are talking about?
Mr. Davidson. That is correct. This is a special program funded

by the Department of Education that is designed to establish state-

wide mathematics and science curricula frameworks.

The Chairman. And you are doing these assessments in a dif-

ferent way than usual—I mean, are you doing it with portfolios and
other kinds of presentations, rather than just the punch-through

kinds of programs.
Mr. Davidson. That is correct. In every dimension, we are guid-

ed by the national standards and the national movement toward

authentic assessment.
The Chairman. The thing that we are always asked about is

whether these content standards and the assessments can really be

developed. What you are saying is that Louisiana has been able to

do it in these areas, with successful results. Is what I am hearing

from you?
Mr. Davidson. The highest priority since the beginning of the

program has been professional development. The development of

the content standards is a more recent phenomenon. The project

was funded within the last 6 or 7 months so the results are not

entirely in.

The CHAmMAN. OK Finally, the thing that we spent a lot of time

on—and it almost broke down the whole negotiation—was the op-

portunity-to-learn standards, and can we evaluate outputs if we do

not evaluate inputs. In my part of the country, in Boston, there are

schools that are 60 or 70 years old, with plaster falling off the ceil-

ings, and inadequate physical facilities. Boston Latin School, for ex-

ample, is 35-40 percent AFDC children, 35 percent of them black,
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about 30 percent white, and 30 percent Hispanic and Asian, and
98 percent of them are getting into college. But putting that aside,

I think the opportunity-to-learn standards are important, and we
have the most difficulty in terms of the ideological politics of it.

Have you formed an impression about how that fits into these
other criteria which you have referenced here, too?

Mr. Davidson. The impression I have is that our work is only

beginning and that we have to cooperate with other sources of

funding and with other avenues in order to make certain that we
bring to bear a variety of remedies to a very complicated problem.
We are now actively involved in trving to cooperate with Title I and
Chapter 2, and bring the NSF and Eisenhower moneys together, to

have the kind of an impact to make sure that the input as well as

the output are there.

The Chairman. That is good. And on flexibility, have you had
some flexibility in terms of bringing those programs together at the

local level, or nas the rigidity of Federal regulations, even NSF reg-

ulations, local and State, impeded you, or have they given you flexi-

bility to carry through the consistency of the approach in terms of

math and science, and give you more flexibility in dealing with re-

sources at the local level?

Mr. Davidson. We are assisted considerably by the growing flexi-

bility at the Federal level. There is cooperation between NSF and
other Federal agencies, and the message that we are getting is that

we should have these revised standards at the local and State lev-

els.

The Chairman. Senator Mikulski.
Senator MncULSKI. Thank you very much.
A question for you, Dr. Davidson, and then for Dr. Schmitt and

Dr. Bush. Dr. Davidson, this is a stunning set of accomplishments.
I have just perused this, but I intend to take this testimony home
and really review it thoroughly. I would like to congratulate you
and the people of Louisiana for really using Federal dollars to ac-

complish exactly what we had hoped to when we funded the

project.

My question, Dr. Davidson, is would Louisiana have done this

without the National Science Foundation funding. What was so im-

f>ortant about the National Science Foundation funding that then
aunched Louisiana in this bold and transformational endeavor?
Mr. Davidson. Well, that is the easiest question I could be

asked, because the answer is absolutely not. There is some magic
about a national agency like the National Science Foundation say-

ing here is $10 million and a program we have never funded this

way before, if the State will put up a match and move things ag-

gressively forward. That has really oeen the catalyst for everything
that we have done. I would like to think we would have done it

without NSF, but I know that would not have happened.
Senator Mdculski. Just a follow-up question, Dr. Davidson.

Would the possibility of a $10 million grant to the Louisiana school

system then enable talented administrators like yourself and oth-

ers to say, "If we are going to go for it—it is almost like going for

a Malcolm Baldridge award—we have to get our act together". Does
the process of getting your act together to get the grant causes ev-

eryone to give up pet turfs, pet peeves, pet theories, pet union
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rules, and so on, and then try to end up being teachers' pets, to

really go for the gold?

Mr. Davidson. I believe that those are the most important

changes which occur are those changes in moods and behavior that

lay the foundation for future policies, and those kinds of collabora-

tions started before the proposal was submitted to NSF, and they

have continued more aggressively since the project has been under-

WAV
Senator Mikulski. Right now, one of our most difficult areas, of

course, are the urban areas. It was Dr. Luther Williams who also

said that in addition to statewide, you needed a special focus on the

urban initiative. Have you applied for an urban initiative? Would
that have been able to leverage the Louisiana advancements?
Mr. Davidson. There are some areas, obviously, where the prob-

lem is of greater magnitude than others, and certainly the rural

areas and the urban areas so classify. If I were not here today, I

would be attending a multiState conference to develop a rural ini-

tiative proposal for the Delta region. And later on this week, I am
going to be attending an urban initiative proposal which will bring

in representatives from New Orleans.

I think the resources that those areas need should be appended

to, rather than a part of, the statewide systemic initiatives pro-

gram.
. .

Senator Mikulski. So the statewide initiative program is impor-

tant, and at the same time, there should be additional programs

that focus on rural areas, like the Delta, and then you have the

New Orleans area. But the statewide reform is there for both the

urban and rural areas to build on, is that it? Are urban and rural

programs in addition to, not in lieu of a statewide initiative?

Mr. Davidson. I think these can be considered as major compo-

nents and centers within the statewide effort.

Senator Mikulski. And Dr. Davidson, for example, you talked

about the Delta, which will probably be a multiState area. Do you

feel that if the State is sluggish in moving on a State grant, it

means a rural consortium or a city could go for it on its own, and

not wait around?
Mr. Davidson. That is my understanding, yes.

Senator MncULSKl. That is very good.

I know that we have a vote coming up, and I would like to ask

one question of Dr. Schmitt and Dr. Bush.

The Chairman. Would the Senator yield on this?

Senator Mdxulski. Yes.

The Chairman. Luther Williams, who is head of education at

NSF, is here today. Would you like to stand? No, he does not want

to stand. But for the record, we want to commend him for what he

has been doing.

Senator Mdxulski. Yes.
Quoting from BusinessWeek: "For 50 years, the powerhouse team

of the Federal Government, universities, and corporate labs have

awed the world with U.S. research universities being number one

and Americans dominating the Nobel Prize. But now, Doth the Fed-

eral Government and research labs are rethinking their role." That

triad of corporate research labs, the university base, and the Fed-

eral Government is what has been so stunning in the last 50 years.
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Now I understand that corporate labs are cutting back dramati-

cally, it is estimated by about 15 percent, and going from long-term

pursuits in addition to value-added product development to more
short-term because of the drives of Wall Street.

The Federal Government is facing the same problems that the

corporate labs have, which is a shortage of disposable capital. How
would you recommend, then, that we spend our money, moving on
accomplishing national goals—and Dr. Schmitt, I thank you so

much for your testimony, and I think you have now read enough
about what I have said and heard me say that you probably want
to revise that January 1994 article in Physics Today.
Mr. Schmitt. I think that was consistent with what you say,

Senator, totally.

Senator Mikulski [continuing]. But my question is that we do

not have all the money in the world, and in BusinessWeek they are

asking could we now afford the transistor?" I think the question is

not "can we afford the transistor", but "what can we afford" to help

this triad continue. What then should be the role of the Federal

Government; to help the corporate labs, which value-add for prod-

uct development as well as work to advance their own long-term

goals through tax credits or whatever. The public is asking not so

much will you produce a bifocal that can be used as a substitute

for sunglasses—something very precise—or how you do not cut

yourself with a new razor. What would be your recommendations?
Mr. Schmitt. Do you want both of us to answer that?

Senator Mikulski. Yes.

Mr. Schmitt. I think that you characterize the situation today

correctly, Senator. If you look back in history, it has been the pio-

neering discoveries—the transistor, the microprocessor, the laser,

the fiberoptics, the biotechnology ventures—that have launched en-

tirely new industries that have created jobs. One of our concerns

for the future is to create jobs.

The United States in the past several decades fell behind not in

the pioneering discoveries—as a matter of fact, the U.S. made most
of these pioneering discoveries and was the first to launch indus-

tries—but we were failing in the follow-up to that, and that is

where Japan beat us.

Today, the U.S. has learned how to do that, or relearned, I

should say. So I think the competitiveness issue, the quality, low

cost, productivity issues have been addressed by industry. At the

same time, however, because the growth rate of industrial R and
D dropped in the mid-1980's, this pioneering work has been
squeezed out of corporate laboratories, as you State. I believe that

is a serious national problem, and I believe that the Federal Gov-

ernment has to accept that as a serious national priority, to make
sure that we reinvigorate, restimulate the pioneering work in our

corporate laboratories and protect it in our research universities,

which have been the other source of these.

So I would say that from a strategic point of view, that itself, as

Dr. Bush said a moment ago, becomes a primary, very high-prior-

ity, strategic field for the Federal Government.
Senator Mikulski. Dr. Bush—and the second bell has run, so I

have to go vote on a Republican alternative on the budget, and I
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have to choose between you and that—but would you give us your

thoughts, briefly?

Mr. Bush. A couple of comments. One, the information you have
from BusinessWeek is, of course, accurate in aggregate. But if you
look at industry by industry, our corporate laboratories have been
growing at about 8 percent a year, steadily. So it is not that this

is a global problem for American industry. It is a very specific prob-

lem for what were the technology-led industries of America.

I used to work for Roland, so I know a little bit about the kind

of laboratory that he operated, and it was a great laboratory. We
do not operate a laboratory like that. We operate some very good

ones, and I would invite you to come to our Gaithersburg labora-

tory sometime to see that.

Senator Mikulski. I will, I will.

Mr. Bush. Good. But what we do, our stock and trade, is match-

ing knowledge with getting products out, and we are relying on the

National Science Foundation to provide us with the upstream, fun-

damental work that will enable us to do that. However, as I said

in my testimony, I do not think one bit of fundamental work is as

valuable as another bit in getting commercial results. We have to

have a means of sorting out and prioritizing, and I suggest some
ways.
Senator Mikulski. Well, it is regrettable that we are in the

midst of a vote. When we scheduled this hearing, we did not know
that the budget was going to be on the floor. So your position is

that through the National Science Foundation, or our other great

Federal labs, doing basic research, there are many private sector

labs who then value-add for the specific product development. And
that further, many companies, and particularly small companies,

could have never done that basic research on their own. We become
in some ways the risk capital, the venture capitalist, in science and
research; is that it?

Mr. Bush. In biotechnology, for example, that certainly has been

true. I had the opportunity the other day to meet a man who heads

a small company near Detroit, who depends on one of the NSF's
cooperative centers for his basic research. He has a $50,000 budget

for translating basic research—for getting basic research, he in-

vests that in that center. As I tried to mention, I think those cen-

ters are very interesting and valuable experiments.

Senator Mikulski. Well, I would like to thank you both, and Dr.

Schmitt, I bet you did run a great laboratory, and I think you still

run a great laboratory of ideas. Dr. Bush, Dr. Davidson—again, our

special congratulations to the people of Louisiana.

We are going to be working for several months on the authoriza-

tion, or at least probably between now and the 4th of July—that

is our definition of several months. We will look forward to further

conversations with you. We will include everyone's complete testi-

mony and any additional submissions for the record.

[Additional statements and material submitted for the record fol-

lows:]
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Thank you for the opportunity to testify on the important issue

before thig Committee: the authorization bill for the National Science

Foundation. Although I am a member of the National Science Board,

I am not speaking in that capacity today. This is a personal

appearance at the invitation of the Committee because of views that

I've expressed recently in published articles.

The role of the National Science Foundation in pursuing national

goals is the subject of considerable discussion. The scientific

community by-and-large believes that the NSF's traditional role of

supporting investigator-initiated, basic academic research should be

preserved above all else while the political community and much of the

public believes that, it should devote most of its effort to addressing

national goals. My_posiiiDJi_is..sirno!e. There is no fundamental

conflict between these goals. Along with my oral testimony this

morning, I would like to submit the essence of two papers and talks

that I have given in the past on this issue. You will see that these

messages, addressed largely to the scientific community, have argued

to them that there is no conflict if that community recognizes that

problems and issues encountered in practice are just as rich a source

of inspiration for pioneering research as is the untramtneled curiosity

of scientists. This morning I would like to address political concerns

and suggest that national interests are well served by the pioneering,

academic research typically supported by NSF.

There are fundamentally four rationales for the public support of

basic, pioneering research: 1) the desire to answer enduring,

fundamental questions about the universe, nature and man; 2) the

appeal of a frontier to be conquered - a uniquely American rationale,

tooted in our history; 3) the usefulness of science; and 4) the political

appeal of many scientific projects and programs. Much of the current

misunderstanding comes from the simple fact that scientists and

politicians have exactly reversed priorities among these four

rationales. The academic scientist, left to his own taste, would usually

prefer being an individual investigator, doing basic research in a

disciplinary field shared wbh his peers, driven by his own curiosity

and hopeful of long term impact on man's understanding of nature or

on new frontiers. Those who pay for the research prefer strategically-

driven, applied work by interdisciplinary teams with near term

impact on industrial, social or political problems. My position is that

the dichotomy is false; both can have their way.
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How do we reconcile these seemingly disparate interests?

First, when you go into laboratories where the research is

actually done, most of these distinctions lose their meaning. Nature

simply doesn't reveal its secrets preferentially to one or the other.

W'nen I ran a corporate laboratory - a very successful one in both the

new products and businesses it generated for the corporation and in

the honors nnd distinctions won by its scientists (including a Nobel

Prize) - I would challenge visitors who wanted to strongly delineate

basic and applied research: visit a laboratory, observe what the

scientists were doing and from that alone judge whether the research

was basic or applied. It*s hard to do. Nature doesn't care what the

labels and motivations are, only how goocTarTcT clever you are in asking

the right questions, devising the right experiments, inventing the right

ideas, making the right calculations.

The basic scientist, the academic researcher is good at ferreting

out secrets of nature that are both interesting and useful. The scientist

approaches questions by experimentation, by understanding and by

discovering. The pragmatist approaches problems by trial and error,

by inventing and by improvising. We need both; In the 16th Century,

Francis Bacon said, "axioms rightly discovered and established supply

practice with its insti jments, not one by one, but in clusters, drawing

after them trains and troops of works." No one has expressed the

importance of basic understanding better than that.

Irving Langmuir, the first U.S. industrial chemist to win a Nobel

Prize, is a wonderful example. Early in his career at General Electric,

the research director asked Langmuir to find a way to keep light bulbs

from turning black. Langmuir, being a scientist, did not just start

building bulbs of different sizes znd shapes or filaments of different

configurations, an approach that would have been the obvious,

strightforward approach and one more easily understood by his

industrial bosses. Instead, he tried to understand what physical and

chemical phenomena were going on in the bulb. Several times, he told

the Lab Director that he wasn't sure whether or not he was on the

right track. The director reassured Langmuir, telling him to continue

in the way he thought best to solve the problem. In the end, Langmuir
not only learned enough about nature to solve the problem in a simple

way that he would never have found by the straightforward approach.

And, in the process, he launched the line of research that led to

modern surface chemistry and won him a Nobel Prize.

The lesson is simple: you may point to the problems you'd like

scientists to address but then leave them alone. Trying to tell them
what not to do is like telling a salesman to quit calling on people who
aren't going to buy the product. It won't improve the salesman's

productivity!
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In practice, the right way to harmonize the divergent interests of

politicians and scientists is to^ let agency heads and administrators

worry about the purposes and the scientists worry about getting ideas

and doing experiments.

Broad goals should flow from top down. What to do about them

should be decided at the "bottom". Let scientists be scientists. They've

produced in the past; they will in the future. Don't try too hard to

mastermind the system. We need constantly to remind ourselves of

our fallibility: Tom Watson, the man who eventually launched IBM
into the computer industry said, in 1943, "I think there is a world

market for about r:v? computers." In fact, Fortune Magazine (April 4.

1994) recently reported that "In 1991 companies for the first time

spent more on computing and communications gear ... than on

industrial, mining, farm unci construction machines." And autos now

have $675 worth of steel and $782 worth of microelectronics in them

(same source;! The history of the emergence and growth of

microelectronics is filled with Nobel-Prize winning scientific

discoveries that launched the subsequent industry-creating, job-

creating, life-enhancing revolution.

And this brings me to why the NSF is so important in today's

world. To create new jobs, one must discover and meet new needs,

create new markets, introduce new kinds of products, and launch new

industries rather than focus solely on refining products and improving

the productivity of existing markets and industries. Science and

technology are the most important sources of such new industries

through pioneering discoveries and inventions. Science and

technology not only creates new wealth; they alone create new sources

of wealth.

Historically, the U.S. has been both the dominant source of

breakthroughs in science and technology and, usually, the first to

commercialize them. A nation, such as ours, that needs to create new

jobs for a growing population of workers and for those displaced from

mature industries ought to be especially supportive of pioneering

research.

The questions are: where do these pioneering innovations come

from and how do we ensure a continuing stream of them in the

future? The first question is easy to answer. The most important

breakthroughs in recent history have originated from either corporate_

laboratories^ such_as-those of AT&T, IBM, General Electric, Corning,

DuPont, or Xerox, or from research universities, such as University of

Pennsylvania, Stanford, the University of Alabama nt Huntsville,

MIT, the State University of New York at Stonybrofok, and many
more. These breakthroughs include transistors, integrated circuits,

microprocessors, computers, lasers, fiber optics, object oriented



56

programming, graphical interfaces, CAT scanning, magnetic,

resonance imaging, RISC architecture, recombinant DNA,
monoclonal antibodies and many more.

Today, however, both corporate laboratories and academic

institutions, are troubled.

In the 1980's, corporate l aboratories, responding to the demands

of financial markets and the realization that Japanese companies were

beating us in near-term, commercial R&D, reduced their time

horizons. As a result, these laboratories became less venturesome. In

addition, there was a sharp slowdown in the growth of industrial R&D
in the second half of the 1980s.

During 'SO's, research in universities also became increasingly

troubled, despite the fact that there was significant growth in financial

support for academic research. The federal share of this support

descreased significantly, plummeting from 68% in. 1980 to 58% in

1991. Support of academic research by industry and by the academic

institutions themselves grew more rapidly than federal support but

these sources of funding are strained, today. Thus, NSF, as one of the

principal sources of funding for pioneering, academic research is

becoming more and more vital to our nation if we are to continue

creating new, job-creating industries in the future.

The NSF is a superb instrument for serving national purposes.

It has been so in the past; it can be so in the future. With the

leadership you have shown in searching for a harmonization of

national goals with the pioneering scientific spirit, and with the new

NSF leadership, I am sure that NSF will play a growing role in

fullfilling these national goals.
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PUBLIC SUPPORT OF SCIENCE:
SEARCHING FOR HARMONY

Since the cold war ended, scientists and politicians seem
Increasingly at odds. Scientists need to address social concerns
more squarely In their work.

H,olond W. Schmltr

M\ subject is the ratianntr for public support ol science

iu llic* post cold-war e»n The Hi si must ion is WJim:;c

ralidtnlc? Court?ssinan (I""i(;r Hnn\n« iir Srnatoi ttar-

bnia Mikulski> or Preside"! Mill Clinton * nr I'liil Andct-
son s 01 I run Li dennnn s'' Km.' m""' sti-nis to he singing

different tunrs. and it is haid in hcni pin harmom in

their voice*. And yet with the pinfiund changes in the

forco* that have driven our Federal science and technol-

ogy peltries, it is now more important than ever in find

that harmony.
The i Im I'm in nf today smn<i In sigmil ti grow ini»

disagreement between I In* p*»titicimis ami the scientific

community. Hut ! believe thai schism is. to p tropin asc
Dorothy Parker, on the surface wry pielound but d^cp
down noil'* shallow, . Id lifci* to dig a little lo sec if wc
can find a harmony thai is not Just n compromise but
miliar Is based on n valid syneigy of inictcst*.

Serendipity versus stroregy

Let's start by looking at two representatives nf ihr public,

bi»lh of whom arc influential in the life ol US science

today Conqrrssman Hiown pud Senator Mikulski.

Brown jg urging a strategic approach to funding

Science, In place of reliance on serendipity- the approach
he feels has characterized the past As be puts it. "New
directions must move us Iroin Mir myriad serendipitous

paths of where we are capable of going, lo lb* strategic

paths where we must go if the planet nnd its increasing

population pre to survive."

Mikulski is also nn advocate of a 'strategic forus on

basic research." She warns set enlists not lo "shroud
curiosity-driven activities under the rubric of slratrgic

activities " She warns that if the National Science Foun-
dation can! set "specific performance milestones." Ihcn

some of its funding ought to go to other agencies that

enn set such milestones.

Now. you may be thinking. With friends like these.

Roland W Schndtl is ch.iinu.in til the (Joveming RimmI itf the

Anipric an fn<tilufc of I*hy«t5 I 'c •* ptesicl«*nl emeritus <>i

Rcnssclaci l*ttlylecbni< Institute .md Semen Vnc Presitlcnl

(rethcdl. Science £ fcihnulop.y. General tier trie

who nerds enemies? Sorendipily nnd curiosity have Item

ibe mantras M scientists seeking wore funding fin basic

research. Indeed, the American Chemical Society has

titled a gfnssy four color Imoklet promoting ibe need for

more puic research. Science nnd Serendipity/

Physicists. t"0. see serendipity und curiositj Mil »"lr«

tucs, and so it is disturbing lo hear Drown and MiknUki
descib'* them ns vires Thai emphasis on "slrutigy' iiIhj

sounds woirisoine, moie nppi>»printe tot ibe lnilthTield

or the hnardiooni than for the scientific laboratory Wc
may begin lo woqdci whcthei we hn*C le.iched n lime

hi which William I'ro&tnirv. the funnel IX-moci'iilic Sena-

tor fiom Wisronstn. and his Golden Ktccev Awards look

like the good old days*

Reasons for science support

Searching for harmony betwren the science community

end the politicians may seem like n strctth but bis try.

tact's start by looking nl some of the fundamental* nf why
the public supports science

I believe the reasons are at least fourfold Kirat Is

the d r -siie lo Answer enduring, fundamental questions

about the universe, nature nnd humankind, that is. the

search for truth: second is the lure of a frontier to be

conquered, the desire to be pioneers hi keeping wilh our

American nnccstry; third Is the utility of seicice. s feature

thai distinguishes 'he search for truth: and fourth is the

immediate political appeal of many scientific projects and

progroms, having to do with the direct benefits lo be

oblnincd from eventing them.

Let's look at these briefly, one by one

Scnreh for truth. Kirst is the search Tor under-

standing, for underlying truths The public dues have

an interest in uncovering truths shout the unjveisc:

What arc wc made nf? Wheie did we come from? Where
ore wc t'oing? At Ica^t since the Babylonians nnd Ionian

Greeks, thousands of years ago. people hove undertaken

the quest for truth with support from the public Dul If

Iruth and understanding ate the only motives, why sup-

port science any more lavishly than we support Ihe

humanities or the oris, which also provide S window on

liuth? Total fundi available annually for the Nalional

Endowment for the Humanities and the National Endow-
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( nm*if*.Mit.m Sherwood inuii Roehlcrl. the

Mill tm: Hi | ml tin .'' .'•> flu f liner science'

vhIm nnttnitlt - . .1 leuIn m I Ioiim*

|tft|HIMll(lt1 l-t ill •'' ,\ lix ll !« t Miuidl-K'll

ti>r) i-> pi nn •
.
. 1 -i-ii (tip

1mi "itv M_irnc*'.

Since ("I'M;-" «- -i h.K >i fin-i-Mti'd Uiic.i.

New Vitl

men! r«n iht Ails limn ill.' t'detal cmiinmctit amount
lo n lif.tlo nvri SUM! iiiillmn .thnut lour thousandths «»|

Federal expenditurrs rm -tuiiM' and technology and less

linn 3t? of Fcdetal cvptmtituie? im basic research. One
must conclude lli.tt iinu li MMiii i^ ;il stake than the pr.itch
for truth :hiJ undi 1 si indue;

1 he roust 1 iclrrl front it*r The second rationale mr
public mi p| km I uf science in the US >S thai il is n

pioncciinf: 111 tix'it v 1 he pioieet ing utr,e 'S distinctly

Americj n, hit! only in I he p.i-l half rent ill y has it been
firmly, linker! !«. public slipped 11I leseaich Ihe person

most responsible Tor makint! the linkage w»s Vnntirv.ir

Bush At the end "I World War II, Flush issued his

famous report Sriemv tftv Kntttess frontier. In that

simple lille he made explkil thai Amenta? new frontier

was sciemc and Irthmdngv. Bush's personal view, how-
ever, was th:il pinnreiing h>';M(Ii iniludfd more Mian
just the «=enrth for knuwledt!*- Inr its nun sake. It also

included "basic technology nr "riigtnocttng rrscnreh,"

activities that genet nlc knowledge in older t" do. not

for knowing .-don''
1

lie liked I" illustrate thl-s with the

Wright brothers, who, in rider 10 Invrnt the whips for

their airplane, Rrst canted mil engineering resenrch us-

ing wind lunnrls

To encompass hnlh stientifit rescaich and rngineer-

inp research. Mush picpn id 1 smjde I ed'«nl agency with

responsibility mi«ss tin whole sntpo el the science and
technology hunt in. Undo ttnutrly, most ol Hush's col-

lahoialms in willing N<ti'"ii*- ttw f'lntltvss frontier wetc
professoi s who wne not Meecssiti lly piuneot*. When

Hush tried mil his ideas about linsie tcchnologv nnd I he
Wiipht brothers on them, lliry haughtily told him that

th»v did not think a couple ol hieyrlr mechanics wnrklne
• >n » thing machine «t»uld . . In* doing n search.'*

So the consensus :il the lime was to koep the coin-

hlitig puisuil nl knowledge bee ftom the lain! id the

Wiighl .brothers' bicycle shop. Rather than a sinc.de

r'cdnal agent \ with i« vp»n.-ibilitv lor th»* whole frontier,

as |bi"=h had wanted, Ihrie emeiped a pioposat for an
UpVltry nv pinnstble 1'iilv l"i the science end—whal iK'Cninc

the N ilional Stienie Inundation. And the Ameiican
scietitilic eiimmuiiity. ihotli'h mil the public, adopted thig

narrnwed vision of Ihe fioniiei Since then, wc in scioiuc

have I alien into an i-vi'li nanowet -• If-imape thai enuaten

Ihr front ior with •.urinsily driven research alonr

('enernl utilltx. Ihe thiid reason the public sup-

ports science has lo do «jlh Its policial utility—that ifl.

I bo piower ol s< i'-nc In cbanue the world. This pe-e.i hack

tit least to the Ifilh rentury, when Francis llncmi nrpued

t'Npliritty t Tip I the support ol science would be ttsrlol lo

society In llacnn s uoids. axioms riphtlv discovered and
i slahlished Niipplv prartut- with it s insliuinenls. mil one
b\ one. but in rhisleis. drawtop alter them I rains and
hoops n| works." lbs *iii-« has been nhundanth ton-

tit metl: nobody disputes it today The knowledgeable

critics >»l seiemr. such as |lrm\ii and Mikulski. itrptie not

about Ihe ut rlitx ol -•ieine hut about how 1 r» liai\e<l thai

ulilitv The> reeopni/e lhai 'cienci- is useful, and they

leeop'ni/.c thai |o hi iiM'lul it must lw tlone by talented

M.icnti' Is. iinl by political appointee'. Hut they would

lil;r lo (ntluenco «hat llm-i Inlrnted fcienlfslff do.

Mikulski may have hatsh words for curlosilv -driven

activities, but she has no pinblem wilh ollbtts lo holster

the research ntilei prisi- while cieathip jobs In the con-

struction and manitfarf urine s»m tor
"

Special benefits. lhi« biinps us to our fourth and

innst polilirally appeiilinp ien«on: The direct l*elicfils

science ptojicls and propfiaiiH biinp to specific constitu-

encies.

You may not |ik«- this fat tin nod may ngrcn with I I.

Itabi. who once said. "In -cieiue we cant let some puy

fiotn Poduuk have ihe snmr vote as Fermi.*
1

flut in foci

those puvs from IVdunk do have the same vote ns a Nol>cl

lailtcalr firm Chjciipo in deciding whether or not to

support science. And the specific appeal of n project to

voter-— is n lepitimole reason Tor the public to support

sciciue.

Uiphl now, the Sup'rcondnctinp Super Collider is the

most inlet cstiup case in point. The research lo hive been

done with the machine pddtcssed questions Ihot Western

culture has been asking for over two millennia: What Is

the fundamental naturr of mailer and how did It oripi*

nalc7 Morcoscr, the people who wanted lo build It

reparded Ihcmselvc* and presented themselves as pio-

neers and explorers.

In the end however, the SSC stood or fell not because

of it^ potential contributions to our understanding of the

first picosecond of the hip bang or the deepest structure

of matter, but because of the political clout of Ihe Texas

Congressional del pjation nnd Us allies Thol clouL hod
been seriously weakened In the last few years with Ihe

ouster ol dim Wiight n$ Spenkcr nf the Mouse. w*lh the

defeat of (;corr*i- Bush os President, and with the depar-

ture of Senator Lloyd Henlscn, who had been chairman

of the Senate Finance Committee, l" the Trcosury De-

partment Moreover, Texas now has two minority-party

senators So the SSC has been lost. The vote of that

puy from Podunk"—New York Congressman Sherwood

IJoehlcrt.' if you like— docs outweich thai of a Nobel

laureate, tann Lcdcrmnn; physicists haven't learned that

00 eiryyo ioday iai/uahy ioq<4
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li.ilri 'ini I tiis mil wiong! M'*anvhi1c ilic -pice Fin I inn
Mirvhrs. prohaljh liccniiFc it i* l>t Ih-m H io he pitmen ing
h\ tin* |n'ipl»_- 1 1 mil I'tMutik and Ihhh-c h kept il.

Pndiitikers employed in the ni>tiis|Kirt' induvlrv

Inverted priorities

Tlip in ilt i nl lliesc thin iimlives fin i-><\ri lum-nl suppmt
i»l H"*e;iH 11 lltirlct st;itt>ltll|« pli'tn.n ini' UliHlV mid )<<'

ulii political atlrartivcne*s---is I tic i-rder ol increasing
appeal In politicians nnd ndiniiiislrnlius. Yrl il h (tic

utlci nf ilci reaping appeal in most nl i l*e researchers vim
It'Crii r public suppnrl.

I «tr srientiMs. understanding i- :ii tf tc (np the
picnics! hews nf arJencr nrv llirt lit.t% ol Darwin nnd
Fin?loin— individuals whn hr'.tti|*,hl nc« i ruth tn the
imiiM Prcoird on Hie li*t is pimuci inc. Scientist* lif>

the idea flint limy nrc the fmiiiicr pi '?"ns nf today,
although llirv have forgotlm Vnnitetnr Push* lunndcr
virion nl it Utility. Iiiipmtaiil t" mam •tieniis's. liev-

rilhelt'S* typically ernes in third. And nf course special
Ixmi lii« tr> p'dltical constituent* cmnr in 1 1-1 Scientists
do nol rvicrt llii* last factor, hut nmM find It either n

lirrr$saM evil nr n slight ci«l>.n rnssment
Fin pnlilitians. llic nrilrr is i-xactli reversed. Fnlili*

al allracrivrncss mines out mi (up l'litit\ follows close
In-hind. I'inurering comes third, and understanding
comes l;M

During tin- id culi s Finer Push's u-port this diehnt.

mm was H-cnm-ilcd by (lie beliel Itial FatisiVing ilir first

l»«i ml miinlrs-- answering hasie qui*simn? and pushing
.u hnnlicis— would net nioic m Irss automatical!) In

prndw c tli'* right nnlcoinr for Ihe sertwd Iv.n rationales—
tiiilitv and pnliticnl \ aluc. And that Ins 1* m parity Imp.
put imtai Inn many things have gone wionp. Americans
have dominated Nnncl prizes while ninny nl nur indu! tries

have lust Itn-ii campelili\euo?;s Oui nation is faced «ith
luo man\ itigpnt problems—disease, infiasiruclural dc-
cax

.
en* inm mental Might, tiolcnl crime, diugs. homeless-

m-* -ih.it have mil jr! found solutions: nor have
*cirnlisls v.-ilisfiVd pnlitical interest through attacking
hasic questions ni doinp pimmeiing ic«eaich

Meanwhile we sriruttMs Insist mi n rhetoric lhat
talks jiImm.i1 curiosity-driven rcrratch WV tend to assume
(li.-u nut nun enthnsinfm for vlinl «» dn is slimed by
the public Put l»v and laiire it font Insicad. much nf

the putdic shares the view ef tl»e foimri llulcli Queen
Jiilinnn. vim np«-c exclaimed, I don t unrlcrsland com-
pulrrs Why, I don'l even understand the people who
understand computers'"

SeorcMng for harmony
So ivhnt do we do to rcroncite tlir^c ditTcrrnt priorities,

to find n harmony Ihit h"lli parlies heor? How do we
define a nnw empact that will rcinviporatc the scientific

enterprise and nil of the rcmnrfenhlr benefit* it hri».c* to

our nation?

A recent report of the Committee on ^ciencr. Enrji-

neerinq and Fublic Policv of the Nalinnal Academies of

Science and Engfne^rinp rug^csls lint 0>c now rnmpacl
should be hired on wyU of having the US "be among
the *vorld leaders in nl! rmjnr nrens of science and of

maintaining clear lendership In some major arens of

science " While | hclicvc thai this is in imp<ul3nt sup,,

gcslion that has launched constructive dehale within the
scientific cnmmunilv, it is c-vtUioltv n supply-side policy.

.in inward-looking policy; il only tells us how in set

priorities within the scientific riitcrpiiso, And so, rven
if vc npiee mi this paiLiciilar suggestion, ive will still nnl
have responded ndcn.uale(y ir> puljlic concerns.

So whnt do we do to find tin* new compact lhat

lenn leilerm.in. ,i hirmrr rjhcclcr nl

Irimil.ih, i\-(if A Iv.ulinp pn.>i»oiien| ol iIk*

Simkmc ihkKh tint: SiifKi CoMiiler. A Nolx.*l

pri/e w inner if| nf£lll7Ctl 'or sevcr.ll ni,i|nr

* <>Minht>h(jin to (MiIn lc physic S. Lctlcrman

also hs% mk.i'he.i(li*(l science e<lucation

n-inrni cUdtls in Illinois, hi? «kIo|>IIvc SUHC.

I le is c u'H nlh |ui'ier<or r»l s< h?i»CC al Mm*

llliiiftis Inuilule ui Tet hnrtliniv In (!htcapo.

pvcryoiic ivnnts? Tn Itcgin with, nur Tout elements—un-

dcrstauding, pioneering. appMcplions and locnl hencfits

—

aic not mutually exclusive. They have much common
ground, much synergy nnd it i* precisely In this fact that

«e must find solutions. It is not just n matter of edu-

ratiug the puhlic and the politicians abnut us It i* also

n matter nf educating ourselves about Ihcm and their

needs.

Li'ls begin with several observations of the scene

today thai are related lo science nnd technology policy.

r> American industry has losl competitiveness in a num-
ber ';f mailcel*. This theme dominated policy in the

IPflOs. and wc have just begun lo turn Ihincs around.

t> About 5^ of our gross national product has been in

defense, but with the end nf the cold war. Ibis will

decrease tn somclhing under 31 before the end of the

decr.de. Because nur economy grows a good deal more

than ?Tt per year, this shift should be easily accommo-
dated from a macrocconomic perspective. Out. the in-

dustrial and commercial activity thai will replace defense

will piohabh be less trchnnlorricolly intensive, requiring

a lover rale of investment in fl&l) than did defense.

u- We need lo create hiph quality jobs— lo acenmmodote

imputation growth and lo oltsel those j hs losl in estab-

lished industries— in industries Ihot are becoming more
productive nnd competitive

> We need lo make Tetter and more rapid progress in

PHYSIC5tOOAY JANUARY 1994 01
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19?5 1978

YEAR

Academic RAD expenditure?, a. Rr.il tola' anH Federal

ji .identic RM) rxf>c«Kt<lUf<is »iom I9f>0 to the oiescnl.

b. Si'iM'oii oi m Afternic R&D horn (TOO lo 'l»e ptrsenJ,

rrdn.it snp|)>>il is vhoun ill lltuc; inrJilS.rJ.il SU|>|H>M tn

ttifuw; M.t'e. lor ill .i"(l oilier -.uppnii In orjnpc, aixl

m It dm*led ii» |*iccii (Sonne N.iiional Science Foond.*ilinnJ

I

80 81 B2 83 84 85 86 67 88 89 90 91 92 93

YEAn

solving ninny economic ntid social problem?, iinlnbh in

the niens nt the ciiviiniiiurnt. Infrastructure, health.

eneigy. rmnmnrr and crime.

ROD— specific Issues

In nddilinn lo these technologically tcl'vnnt n.-iti»'iial

issues. Ihcic mr also a nmnhei of rsucs specific to the

R&I) system. Among the important ones ntc:

t> Decline in industrial research. The gro vlh uitc of

industrial R.J;I) dmpped significantly in the mid-l n 80s:

since thru, there also lias brcn a shift of industrial

fttl) avvny from the pioneering work thnl lins given

lisc to new industries, new businesses nnd new product

lines

l> P':f':nsc R&P conversion. About one-third of the lotal

I'S R&D cxpenditnics, which amount to nboul J 1 .10

bllli.'n annually hove been devoted to defense Today,

about fiO~o of the Federal government's yenrly Reel) ex-

pcndilutcs of $75 billion goes to drfciir'S. The admini-

stration his said it wants to chntipa thr federal rnlio to

50/50 bv 19M, which means about $7 5 billion should be

shifted from defense to civilian RAD. The programs in

place today -the Technology Reinvestment Program.
CRAOAs. the Advanced Technology Program, the Manu-
facturing Tcchnolopy Centers-- Iwk like they will he

funded at nho"l £2.5 billion within the nest few yc^rs.

This leave* a $5 billion gap that we simply can't let

become a $5 billion cut!

i> Federal support for universities. Whil" academic R&D
grew significantly dining the 1980s, the Federal portion

of that support shrank Academic institutions provided

rapidly growing support for llicir own R&D hut this trend

cannot continue in light of the financial problems that

most research universities are encountering Isee charts,

upper left)

l> Imperiled Innovntion. flecniise of the trends In both

industrial mid aeadrmle R&D. the nations traditional

strength in the kind of pioneering R&D that hn» led to

new industries nnd Job erention Is threatened.

Thinking nationally

These problems of the national R&D Svstcm ore serious.

Ilul if we ore going to solve thein, we need to make our

solutions also be an important part of solving the nnlinn't

problems: we need to think that wsy, and we need lo act

that way.

As soon ns one says this, however, people Immedi-
ately think one is saying that basic scientists, exploratory

scie'.tisla, pioneering scientists must append applied re-

search and technology transfer lo their curiosity-driven

explorations, tlut I don I believe that Is the answer.

There is a better approoch.

The answer, I believe. Is lo accept the responsibility

of addressing issues of nntiopal Importance, Issues of

strategic Importance, Issues of political Importance, but

lo respond not by trying to do things we don't do well

but by doing what we do do well—th«l Is. pioneering,

exploratory-, basic work that Is Inspired by these tough

problems. In Ihe. course of responding this way, we will

enrich our own world; our curiosity will have an even

broader, even more challenging terrain lo explore.

Lets gn bock for moment and look at what Con-

gressman Drown and Senator Mikulskl are really saying.

They arc not saying that politicians should be looking

over the shoulders of scientists and telling them what lo

do. They are merely saying that scientist* are alliens.

When scientists use public funds, they are citizens with

speciol responsibilities. 60 they should be especially aware

of the values of the society that is funding them, and in

planning their research, they should give consideration

to those values. As, V row n puts it' Don't tell the biomedi-

cal researcher which experiments to perform, but tell her
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Irving I .ntgmuir I.niLkI into lib, Lcnrd !*•» IhjIIk .irvl

• riMirrl minim, nuiacr rhcmfctiy,

™w
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that "moving Itpm remedied ion t<i ptrvcnlinii Is n primal v
national and inlrrnatinn.il goal.' |)..n'l li:ll in -igricui-
lural rc-cairhor "hal nop i nrietios In lest, bul lather
lell him that tlic goal is In Toid n Iniignming global
population v itlioul stripping the land nf topsoil nnd
nutrients, or massive pesticide use"

An pxornple: DMA discovery
Who discovered dial DI.'A n< ihe ni.iirii.it tli it carried
Hie Imcililaiv mrss.-ige. anil him did tlicj dull? I tusprct
you're nhnul tn «ay. "James Watson and lianiis Click
and tint they managed lo squeeze in a bit nl research
at Cambridge University between tennis games nnd trips
tn l lie puli

Actually what Watson and Ci irk discovered ..ns the
double helix structure ol IJHA I he identification or DNA
as Hie hereditary motrrial wns made by Oswald Avery
and his colleagues at the Rockefeller Institute in the
1940s.

The rrnsoiis I bring up Avery a work are because It

Is one of the giratest truths discovered in the 20th
century and berausc it was n"l undrrtnkrn as nn unfet-
tered, curiosity driven scnrr.h for truth In fact it was
undert-iken for a very utilitarian putposr. sttategirally
guided by a rational health care need of the lime: Ihe
battle ngninsl pneumonia Avery was aware that the
pnruninroceu* bacterium came in tun varieties, one with

rough coot and the ether vvilh a smooth c>:it Only
one nf them causes ihe disease If you could tianfform
the virulent form to the benign, yni ciuld peihapr. pre-
vent or rurc pneumonia So Avery had hnth a utilitarian
putpose and a strategy.

Rut in the cnuise of carrying oul lhal strategy, be
discovered a "transforming principle" Hint Iraiiscciulcd
his eiiginnl nim-namr|y, that it una the nucleic arid
PDA that determined whether the bacterium grew a
ru. gh or smooth cat from that purposeful research
program gt»w the focus nn f)NA that has proved so
correct and fruitful.

Obviously Avery did not begin his work thinking.

How ran I create a biotechnology Industry that will

generate Jobs' But In the end, he did help crcnte that
industry, and It Is generating Jobs.

Other examples
You're mobility familiar with other examples. I^iuia

Pasteur looked into problems of the French beer nnd wine
industries, nnd enmc up vvilh fundamental discoveries in

hinloirv living litngiuiiir looked Into blackened light

bulbs and ctenicd m"dern surface chemistry. Knrl Jnn-
skv listened hi radio sialic pnd created rndionHronnmv.
Ihe research lending lo the discovery nf the Iransiplnr

i Meet was nutlet taken nt Bell Lnhs l*ccnusr ul the t'splicil

icrngtiiiion that vncuum-tiifie tcchnologv would Tall *hut1

of meeting the telephonic needs of the future.

'lime and "gain, work undertaken in the search lur

utility has led to new- understanding, just as work nn-
dei taken in the search for understanding has led lo

utility. Ihe point Is not which comes first Its in lite

Interconnection and positive feedback thai is the hnsla
Tor the social compact between science nnd politics

We need to Icll politicians that we shore their con.
stitiients' rinirrriis— clearing jobs for their children and
gi audi litbhen. improving health, fighting crime, enhanc-
ing education Ihr beat way we ran do this is the way
Avery nnd Tasteur nnd Lauginuir did It: b\ recognizing,
as only we enn do. what new things we must learn alioul

nature or ivlint pioneering concepts need lo he invented
lo address these concerns. We need lo be responsive
when we /ic/71/1 our research.

Hie le- hnicnl harriers—like Langmuir's blackened light

bulb—ttial practitioners encounter In their daily work can
lie Ju^t as rich a source of frontier research as what we
lean Trrm journals and scientific meetings Embracing
political. r ocinl and economic goals, far from being a hin-
drance to the science enterprise, will enrich It.

I believe there Is an nppiooch lhal is not onlv re-

sponsive to political and social concerns, lhal Is not only
consistent with the best values of science itself, but thai
can even enrirh the scientific enterprise and make It more
rewarding to Ihe deepest Interests of scientists

Is (his whnt George Brown and Barbara Mikuiakl
have In mind? Probably not exactly, la Ihis whal the
scientific nonimunitv has in mind 7 Not exactly, la it an
approach Hint hoth ran understand, and in which both
can r.ee new opportunities? It will take discussion and
an evolution In Ihe duality and sophistication of the
di.il"guc. but I believe Ihe answer Is. Yes. It can be
founding concept for Ihe new compact that many now
seek.

Moles
1 C. Wise. Oslrli 1.229 09SSI.
2 Coiigrcs ;nmn florhlcit. I lender In the opposition to trie SSC,

Is a good personal frirnd. and I'm sure he won't mind the literary

licro". I've taken In this contest.

PMrSICS IODAT IANUAP.Y 1094 33
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REGAINING A VOICE • PHYSICISTS IN FEDERAL POLICY

Roland W. Schmitt
PresidcntEmeritus - Rensselaer Polytechnic Institute

Troy, N.Y.

An Address to The American PhysicaJ Society on the Occassion of

Receiving the Pake Prize at Seattle, Washington on March 22, 1993

I am pleased to receive (he Pake Prize from the American Physical

Society. I have admired George Pake as a scientist and as an executive for

many decades and there is no prize I cherish more than one honoring him.

My own interests for the last couple of decades have centered on

industrial research and on federal and state policy for science and technology.

When I entered a career in physics in the 50s physicists were among the most

prominent forces setting federal policies. Today, the physics community feels

that it is not being heard as clearly and is not as influential as it used to be.

This lecture has given me the opportunity to reflect on this perception and to

see what we may do about it.

What 1 will say is simple: We will regain a voice and influence by more

actively listening to and responding to the needs of our fellow citizens, by

talking to them about physics in terms that are important to them, by

sometimes eschewing the arguments that appeal to us but have little meaning

to them. It is my belief that doing things important to other people also gives

vou greater leeway to do things important to yourself.

Ever since World War II thrust the world into the nuclear age and vastly

amplified the voice of physicists in the policy councils of the nation, physics has

had something unique to say in those councils. The cold war may be over, new
problems may have come :o the fo-e, but the need for that unique voice of

physics remains.
The uniqueness of todays situntin-.i, may seem to need no elaboration.

In what other era could a distinguished scientist, on leaving a

congressional hearing, note to a friend that "Congress is ready to spend money
for science, as long as it receives assurances that scientific results are not the

main object."

In what other era would we hear of the most distinguished of out-

national laboratories cutting staff by 40%. . . . the major corporate labs

eliminating some 50% of their physics positions . . . . and the number of

government funded fellowships in physics dropping by over 60%.

In what other era could we hear a president of the United States saying

that "a great deal of basic research has been done. I think the time has come to

zero in on the targets by trying to get our knowledge fully applied."

As you may have already guessed, all of those things did. occur in other
eras. The first statement, about spending money on science as long as it wasn't

buying scientific results, was made by the astronomer Simon Newcomb in 1886,

after appearing before the Allison Commission, the first in-depth

congressional look at U.S. science policy.

The data about cuts in national ar.d corporate labs were from 1933.

The president who urged scientists to get their knowledge fully applied
was Lyndon Johnson, speaking in 1964.

My attempt to fool you was not entirely frivolous. It's an attempt to

establish a baseline.

In n long range perspective, the pre-eminence of the physical sciences

was not pre-ordained at the rime of the big bang. In fact, in relation to

government science policy, it is a twentieth century phenomenon. As the best

historian of American Physics, Daniel Xevles, reminds us, "in the late 19th
century, the scope of Federal science ... did rn>t include physics ftS such."

The second example, with its reference to the depression, reminds us
that that worst of times was al6o the best of times. It's true that some major
institutions suffered major cutbacks in the 1930s. But those institutions

rebounded to levels far beyond their original state. In part, this happened
because some courageous leaders such p.s Mervin Kelly at Dell, and William
Coolidge at GE, did not lose heart. In the thirties they planted the seeds that
would later lead to the transistor at Bell end man-made diamonds at GE. But
the best of times mainly happened at universities, such as Stanford, Caltech,
Berkeley, Wisconsin, Michigan, Rochester, MIT and Princeton. American
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physics matured not merely by Attracting refugees from Europe such ns Fermi,
Wigncr, Bethe and Von N'eumnnn. !t also drew the first generation of world
class American-raised physicists, such as Rabi, Lawrence and Feynman.

Finally, the 1964 quote by Lyndon Johnson reminds us that even in the
golden age, pressures for relevance were not absent. The normal situation has
always been what Kevies defined as an uneasy tension between science and
democracy.

There really was a golden age. That is no myth. It began beneath that
squash court at Stegg Field in Chicago half a century before last December, and
petered out sometime between the day in 1969 when American feet trod the
moon and the day in 1973 when Arab oi! ministers turned off their pipelines to
protest a Mideast War.

But that golden age began and was sustained by unrepeatable conditions-
-based not so much on faith as fear. Scientific excellence was never accepted as
a good in itself, but rather as a way of beatir-g someone. First beating the
Germans, then the Russians.

The peak of the golden age occurred in 1961. when Time Magazine's
collective Man of the Year was 10 scientists, and John Kennedy r most
memorable White House dinner hosted science Nobel laureates and other
culture heroes, and included the famo\:s line "this is probably the greatest
collection of genius ever to grace this room with the possible exception of when
Thomas Jefferson dined alone.''

But when the Kremlin collapsed, the rationale crumbled. Our new
threat, the Japanese, were clearly not using pure science leadership as a
weapon.

So the golden age was fueled by unprecedented and unlikely-to-be-
repeated circumstances.

Let's turn to the physicist's voice. It's logical to expect that the end of the
golden age, and the removal of the Soviet threat, should diminish the voice of
physicists in the national councils.

But, let's look at that assumption. I recently asked a friend who has
taught history of science at Rensselaer to perform some quick and dirty
quantitative experiments to find out if there was objective evidence that physics
was losing its voice.

I set as my criterion the presence of physicists in the science policy
positions that were likely to he listened to. First, we looked ot the pre 1945 period
in hooks about U.S. science policy, such as A. Hunter Dupree's classic Science
in the Fed e ral Government, and Dickson'* The NTew Policy of Science.

We adopted the premise that if a book is about the making of national
science policy, then the index of the book gives a pretty good indication of the
names of the people who have had important voices in the making of national
science policy. The share of physicists among those names should give a very
rough measure of physics' voice.

By this measure, for the period up to 1940, about 10% of the names of the
people involved in making science policy on a national level in the U.S. were
physicists. Remember, this was an era in which such physicists and
astronomers as Joseph Henry, Henry Rowland, Simon Newcomb, George
Ellery Hale, and Robert Millikan were active.

For 1945-1966, the physicists' share jumped to about 25%. Recall that
physicists are only about 6% of the people mentioned in American Men and
Women of Science, less than 33 of US scientists and engineers, and very much
less than 13 of the total population. So that 25% of voice is a remarkable figure.

For the post-65 era we went to the Prune Book, which lists the CO
toughest--nnd moet important-scionce and technology positions in the Federal
government. The book listed holders of jobs for the years 1969 through 1990.
Reference to Who's Who and American Men and Women of Science made
possible identification of the background of the job holders.

Here's the result. The physicists' voice indeed dec!ined--but only from
the 253 of kev jobs held in the 1960s down to about 203 of the key jobs held in
1990.

What stand? out from this quick and dirty study is that any loss of voice
by physics has not been from a loss in the number of those in important federal
positions who can speak for us.

So the troubles of today must come from what we say, not where we are
or how loudly we speak. Are we saying things that are just not interesting to
others? Are we speaking with a voice that seems to come from just another
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special interest group, espousing positions ar.d goals that appeal to ourselves

but to no one else?

Let me illustrate the point. Many physicists have campaigned to have

individual investigator awards become the central focus of our appeal to the

federal government - especially Congress - for increased funding of academic

research. They have been opposed to the growth of center-oriented programs at

NSF, for example. Their arguments have had some effect. During the

congressional hearings on the fiscal 93 budget for NSF, the importance of

individual investigator awards was emphasized more heavily than ever. The
result, for the first time in my eleven years on the National Science Board, was
a decrease in the NSF appropriation for research. I do not want to ascribe a too

close cause and effect relationship between the argument and the result but I

do think that other arguments would have been more persuasive and had a

lietter ritrcet.

In my view, physics and physicists cannot promote our cause by going

the mute of a special interest grouty, we have no chance of becoming the

National Rifle Association of science! And it wouldn't be appealing to us to go

this route. Yet. when we rely on arguments that appeal to ourselves but to few

other people, we're behaving as if we had real power as a special interest

group. It isn't the wav to go.

What is the answer? I find it in a story with roots not in the golden age,

but the depression era that preceded it.

That story is the discovery of radar. That story occurred many times and

many places, but mv favorite of the many discovery atoricf? is the one told by the

physicist Sir Robert Watson Watt. His team discovered radar in about the roost

unlikely wav imaginable-hy actively listening to a government bureaucrat!

A Government bureaucrat came to Sir Robert in 1936 with a very bad

idea. He'd heard about an electromagnetic death ray that would knock planes

out of the sky or at least cause the spark p;-jgs of an engine to fail, or blind the

pilot.

Rather than simply laughing, Watson Watt agreed to make the

calculation. While making it, he thought -maybe we can't make a death ray,

but we certainly can reflect enough energy to detect a plane at a long distance.

The radar that won the Eattle of Britain was born.

The story may be myth, but the point is sound. Physicists speak most

loudly to society when they first listen to it. That was the lesson of the golden

age, that will be the lesson of today.

Time and again, a scientist has listened to a real world problem, and

found In it a way to contribute not only to society, but to science as well.

Louis Pnsteur, facing the problem of spoiling wine, discovered and

launched the field of bacteriology; Irving Langmuir, starting with a blackened

light bulb, launched modern surface chemistry: Karl Janssky, listening to

static, launched radio astronomy.
We, too, can find new activities and programs to link basic and academic

researchers more closely to the problems being encountered by practitioners.

The Carnegie Commission, in one of its fine studies of science and technology

in the US. today has addressed the issue of "Linking Science and Technology to

Societal Goals". Physics, among all the sciences, is well suited to making that

linkage.

We've got an awful lot going for us.

Physics has a mode of thought and a pattern of concepts that work in

many fieids of importance. An outlying example is the pioneering work that

physicists did, over two decades ago, in developing the random walk model of

the price of stocks and, more recently, in exploring the applicability of chaos

theory to stock market behavior. Physics concepts permeate other areas of

science and engineering. The net flow of ideas between physics and these other

fields is strongly outward from physics. Physics does have a legitimate claim

to being the mother of the sciences.

There is a lot of talk today about whether physics will end when the next

"wave of great discoveries" resolves the misfit between relativity and the

standard model, discovers the nature of dark matter, and finds the ultimate,
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irreducible laws of physics. Whatever view that elementary particle physicists,

cosmologists rind their kindred may hove o.'" that great but. elusive moment,
physics wili not end for the rest of us. Physics is replete with laws that, as

Frank Wilczek describes in an elesjant essay in Dicover Magazine, "emerge
from regularities in the collective behavior of fundamental particles or

molecules". He continues. Even if all the most basic, irreducible laws were
known, we would still face the challenge of learning their consequences". I

would add that we will not even recognize all of the consequences the emerging
laws might have without moving beyond our self generated interests, without
linking to other sciences and to the barriers encountered in the practical
affaire of industry and government. We will be challenged the more, find more
oppoituuity, become more creative, the wider we cast our net for places where
the physics mind can work.

In fact, we might need seme of the best minds in physics, as well as all of

science, to recognize the fundamental significance of the barriers encountered
in daily practice. What would have happened had Pasteur, Langmuir or
Jonsky been lessor light"!? Would bacteriology, surface chemistry and radio
astronomy have emerged from soured wines, blackened light bulbs and radio
static? I think not. There is no less creativity and imagination needed in

seeing the bints that nature gives us in our practices than those it gives us in
our laboratories.

We entered the golden era when we found that that physics mind could
work to create weapons, a need that we may not have welcomed or liked, hut
one that was real for the world around us then. Today, the most important
needs of our globe are more benign, more satisfying to fullfiU. It would lie a
shame if physics did not rise to these challenges as it did to the challenges of
hot and cold wars.

There is another reason why wc should become more engaged with thn
world outside physics. We ere producing many students that are having
trouble finding jobs; the problem co?s, in fact, seem to be more severe among
physicists than in some other scientific and technical professions. I believe it is

another symptom of the restrictive nature of the "standard model" of physics
that's in the heads of most of us. The rest of society sees us as creative, to be
sure, as intellectually powerful, to he sure, but as not interested in things that
will help them.

If we change this, we will not only regain a voice, we will re-establish
physics as a subject of importance to people other than physicists themselves.
And we need to produce students who are interested in putting their talents to
work in other fields as well as our own.

There's a story from the golden age of two 1920s vintage physicists at a
late 1940s APS meeting, looking mound at the flood of bright young people now
in the field. One turned to the other and said, "I don t know any of these
people." The other turned back, and said, "Yes--and what's worse, they don't
know you!"

Well, I'd like to conclude with the words of two physicists who may mark
among their assets that they may not know George Pake and they certainly
don't know Roland Schmitt!

One of them is Tina Kaarsberg. Here's what she said in putting her
name forward for the executive committee of the APS Forum-quote:

"I would like to expand the Forums scope. I believe this expansion is

also necessary as the importance of 'national security' in which physicists
were preeminent, shrinks. Policy makers are asking all researchers, even
those doing basic research, to justify their funding. They want science to help
increase exports, to protect our Environment and to cure cancer and AIDS and
do all of this cost effectively. Where do physicists fit in? We in the Forum need
to talk more to each other and to scientists in other disciplines to contribute to
this discussion." Unquote.

Dr. Kaarsberg-right on!

The second is a spiritual successor to George Pake and myself. Nathan
Myhrvoid. He was born about the time the golden age was peaking. He earned
his Ph.D. for a thesis at Princeton on "Vistas on Curved Space Quantum Field
Theory". He left physics to start an entrepreneurial venture in the field of
software. Today he is director of R&D a*. Microsoft. He's most famous for his
100 page memos. But he expresses the essence more succinctly. As he puts it--

"I want to spend my career on very- hard, but not insoluble, problems."
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In that spirit I !eave you. Physics is facing very hard, but not insoluble

problems It's facing severe, but not unprecedented stresses. It's really

returning to long term reality. Physicists have not !ost their voice. They have

not lost the opportunity to send out signals on some unique frequencies.
._

.

signals that can be heard above the din of turbulent times. . . signals that will

resonate and echo to the crucial issues of our time.

As we send signals out; on these frequencies, we also need good receivers.

We need the signal processing apparatus to understand how science and

technology in general, and physics in particular, can better address today's

social and economic issues while sti-1 stimulating the most innovative

discoveries and creative new ideas.

Physics and physicists can do this and thereby reclaim a prominent spot

in federal councils - it is worth our best efforts.

Questions for the Record from Senator Kennedy

Indirect Costs

1. QUESTION: The National Science Board has taken the position, In a recent

resolution, that a freeze In levels of Indirect cost payments to universities will have

a detrimental effect on the university research system. Could the Board explain

the basis for Its position?

ANSWER: The long-term partnership between the Federal government and academia

has been extremely successful in establishing and maintaining an academic research

and education enterprise in this country second to none The National Science Board
believes that if is important that the Federal government not undermine the basic

relationship which has benefited academic and Federal partners and the nation as a

whole. Between 1991 and 1993 the universities and the Federal government

successfully engaged in a detailed process of consultation to revise OMB Circular A-21

cost principles. The proposal for a year-long pause has been made outside of that

process.

A year-long pause in indirect costs would leave institutions which exceed their prior

year's performance in the competitive grant process with the choice of either declining

to undertake Federally-funded research without indirect costs, or shifting the funding of

those costs from other university sources. Given current constraints on other funding

sources and the short time frame, it is likely that such costs would be covered by tuition

and fees. If the choice, or only alternative, of an Institution were to decline an award

without indirect costs, it would mean that research deemed of high potential by the

Federal government would not be performed. The proposed pause will affect the most

successful research Institutions in the coming year.

Expenses for facilities operation and maintenance are approximately half of the indirect

costs provided through federal grants. Reduction in this source of support to facilities

might be partially absorbed through deferred maintenance or lower availability of these

resources.

The following resolution has been adopted by the National Science Board:

RESOLUTION APPROVED BY THE NATIONAL SCIENCE BOARD
AT ITS 320TH MEETING ON MARCH 18. 1994

CONCERNING A PROPOSED "PAUSE'' ON
REIMBURSEMENT OF INDIRECT COSTS OF RESEARCH

Background

The partnership between the Federal government and the nation's colleges, universities and

other non-profit performers of research has served the nation well for half a century by

producing the talented people and new discoveries that opened up a range of economic

opportunities and contributed to meeting a variety of national needs That partnership Is now
threatened by a government proposal made without consultation with the research community,

one which would have Important negative effects on the nation's research enterprise. Recent

negotiated changes In the rules for reimbursing Indirect costs are already resulting In significant

reductions, and there Is no reasonable, non-arbitrary basis for further cuts at this time.
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The proposed FY 1995 budget would cut Federal costs by approximately $130 million
through the application of a "pause" In payment of Indirect cost recoveries for grants to the
nations colleges, universities and other non-profit Institutions significantly Involved In research.
The precise mechanisms for the application of this "savings" have yet to be determined, other
than that institutions have been Informed that they will receive no additional Indirect cost
reimbursements In the next fiscal year beyond the level that they are receiving In the current
year

Indirect cost payments for Federally funded research efforts are reimbursements for real
expenditures that have actually been made by the participating Institutions The refusal of the
Federal government to fully pay Its previously-agreed share of these expenditures shifts that
burden to other sources of institutional revenues, such as tuition, private gifts, and, In the case
of public Institutions. State appropriations Not only is «jch cost-shifting inappropriate, but, for
some Institutions, may not be possible for legal or organizational reasons.

Payments to academic Institutions for Incurred Indirect costs have already been reduced by
changes In the revised OMB Circular A-21, released In spring 1993 Total recovery of legitimate
and long-standing administrative costs has been capped at a rate of 26 per cent, even for those
Institutions that can document larger costs resulting from Federal programs. Furthermore,
institutions have been complying with Federal policy that encourages multi-year cost rate
agreements - the results of which woulo now be put aside as a result of the proposed "pause-

Resolution

WHEREAS
, the Report of the National Science Board Commission on the Future of the National

Science Foundation declared In November. 1992 that "As a result of the government's reliance
on universities for much of the nations basic research, American graduate education In the
sciences and engineering leads the world;" and,

WHEREAS
. Federal payments for Indirect costs are reimbursements for monies expended by

an Institution for recognized, legitimate purposes. Including compliance with Federal standards
and regulations; and.

WHEREAS, one of the long-standing guiding principles for the relationship between the Federal
government and the nation's research Institutions Is that the government pay the full Indirect

costs of the research It supports; and,

WHEREAS, to expect universities to further subsidize the Federal share of costs legitimately

Incurred on Federal contracts and grants undercuts the Federal objective of Investment In the
nation's research enterprise and may shift costs to students, their families and State
government taxpayers, and/or reduce the level of the nation's research activity;

Now therefore be H

RESOLVED , that the National Science Board register its strong concern over the Implications of
the recommendation for a "pause" in the FY 1995 reimbursements to Institutions of costs
Incurred in the conduct of Federally-sponsored research, as Inconsistent with the most effective

use of Federal resources In pursuit of science and engineering excellence;

and be it further

RESOLVED , that the National Science Board recommends that the Office of Management and
Budget work with the Assistant to the President for Science & Technology and representatives

of the nation's colleges, universities and other non-profit institutions significantly Involved In

Federally-sponsored research to Identify alternative means of meeting the requirements of fiscal

constraints that will not jeopardize the fundamental principle of partnership between the Federal
government and research institutions.

Supply of Scientists

2. QUESTION: During the 1980s, NSF projected a shortage of scientists In this

decade. Congress funded programs to encourage students to pursue Ph.D.'s In

the sciences. Today I hear reports of an oversupply of scientists In some
disciplines. Is there really an oversupply of scientists? What steps, If any, should

the National Science Foundation, the universities or industry take to address this

situation?

ANSWER: Research, development, and associated technical and managerial positions

in defense companies are being cut back sharply Positions In Federal energy and

defense laboratories are quickly being reduced, and the very roles and missions of

those institutions re-thought In addition, over the last three or four years, the decades-

long expansion in academic tenure-track positions has sharply and unexpectedly

reversed, due In part to cutbacks in appropriations by many State governments to their
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public colleges and universities and in part to economic constraints on privately-

governed institutions Thus, in some fields, Ph.D. graduates have encountered
difficulty in finding academic positions.

New policies must be developed to deal with these new realities. The nation needs to

maintain a robust and creative research and higher education system to continue to

create new industries, to provide workers with the skills they need to perform In

technical fields, and to find better ways to deal with other societal issues such as
Improving public health, limiting and repairing environmental damage, and raising the

level of public education. Simply cutting back the overall number of people going on to

higher education In the sciences and engineering would undercut those objectives, and
as well the related and highly important objective of further diversifying the nation's

base of talented researchers and teachers.

Consistent with its February 1994 statement "Toward the Next Century: the State of

U.S. Science and Engineering" (attached), the National Science Board has embarked
on issues related to policy on human resources development in science, mathematics,
engineering and technology. The Board expects to be heavily involved In studying

these issues over the short term, and then helping to lead the national discussions on
ways to cope with the fundamental changes that have taken place. Accomplishing
effective and lasting policy changes in this area must involve well-thought-out actions

by Federal and State governments, colleges and universities of all types, and private-

sector employers.
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A VIEW FROM THE NATIONAL
SCIENCE BOARD

TOWARD THE NEXT CENTURY:
THE STATE OF U.S. SCIENCE

AND ENGINEERING

I. Introduction

The National Science Bn.iitl (NS1M is charged with

focusing national nltcnlion on major issues ol science

and engineering i cscat ch and education An Impor-

tant aspect of this responsibility Is Hie publit allon of

Science fz Engineering Indicators, a biennial report of

data and ttenils on American reseat clt and education

in the sciences, mathematics, and engineering Iliis

rcpoit. submitted lo Congress through Ibc President,

ptovides a quantitative overview of Ibc health and
achievements of (be science and technology

enterprise. To accompany Science £ Engineering In-

dicators I0P.1. the Ttnaid presents Ihis slalemcnt
highlighting issoes Ibat must be addressed by the Na-

tion lo maintain continued U.S. leadership in science

and leclmnliiijy and lo assure Ihe productivity of our
research and education systems.

II. The Changing Context for

American Science and Engineering

utilized to foster sustainable development In all

nations and to contribute to the solution of global

problems

Within Uie new international context, the health of

the U S economy and the competitiveness of our In-

dus!: les rely Increasingly on the exploitation of scien-

tific and technological advances and on the availability

of an adaptable, educated, and technically prepared

workforce lhc glowing Internationalization of

science and significant improvements In human
resources and research capabilities of other nations re-

quire that the United Slates maintain and enhance Its

own capabilities to take advantage of discoveries

aiound the globe.

lhc next few years will be critical for establishing

the policy directions that will guide us In the new era.

In the transition to a new political and economic frame-

wot k. It is vital that lite United States maintain the mo-

mentum generated by decades of sustained growth

and commitment to excellence in science and engi-

neering. Ihe ability to do good science, and to do

good with It. aie not guaranteed. Both will require in-

vestment in all components of the system— Industrial

reserut h and development (R&D), national laborato-

ries, and acadende Institutions—as well as in areas of

strategic Importance requiring special attention.

III. Trends

"Inrestwg in science and technology

is investing in Anieric as fiiim e." '

William J. Clinton

Novcnihcr !J. IW

The 1 Ilh issue o' Science <v Engineering Indicators

app^ats at a ciucial time. As the 2'lth century draws

to a close, the wm Id is r caping the benefits of a half-

century of btoad basetl Federal investment In science

and technology. Hie knowledge pioduccd by scien-

tists, mathematicians, and engineers has dramatically

Increased agricultural production: it has created new
industries such as semiconductor manufacturing and

biotechnology; it has ronncted the world with Infor-

mation networks: and it has created the means for a

dramatically healthier and lonrcr lifespan.

Science and IcchnolotTy will be even mote impor-

tant in the next century. With the end of the Cold

Wat and the rise of a global economy, national and

intet national goals fot science and technology are

being shaped by new forces of economic intei depend-

ence and competition. The knowledge produced by

scientists, mathematicians, and engineers must be

Investment In Science and Engineering

The United States still leads the world in total

national and industrial R&D Investment2 and

continues to set the standard for excellence In

research and higher education. At the same time,

there arc concerns about U.S. performance In the

global context.1

Other counbics are closing the gap with—or are

even 'ending—the United States by some measures.4

Newly Industrialized countries have sharply Increased

Ihclr Investment In science and engineering. As one

result. In 1991 Ihe combined natural science and engi-

neering baccaliut catcs of six Asian nations exceeded

those of North America and Europe taken together.5

Total national R&D expenditures, adjusted for infla-

tion, rose rapidly from the mid-seventies through the

first half of the eighties. However, since 1985 they

have been virtually flat
6 Furthermore, as noted by

the recent NSfl report. Vie Competitive Strength of

U.S. Industrial Science and Technology, ".

.

. the real

rate of growth In U.S. Industrial R&P spending has de-

clined since the late 1970s and early 1980s."7
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Ihc cm i nil rrdri.il R&D budget reflects continu-

ing adjustment In post Cold War priorities and
renewed focus on civilian nee.'?;. In particular, over

Die Inst decade defense spending tins declined from
G9 In 59 percent of the federal R&D budget."

Nevertheless, despite the increasing inipoi lance of

civilian resent ch to innovation nnd ecoiinmic giowth.

we continue t<i lag behind some nllici industrialized

nations in the percentage of the pins'? domestic
ptnducl devoted to nondefense R&U.q

Colleges and unh ci sitics continue to Increase their

share of national R&l). 1 " Rot Kcdeial funding as a

proportion of the total support for university research

has declined since IPSO, while the cotili ibutions from

industry, slate and local government, and universities

have Increased. Also. In spile of greatly increased u:ii

veisity Inveslment in research facilities ami instru-

mentation, a substantial proportion of academic

lescaich space is in critical need of renovation and

repair, and research instrumentation needs have

pown."

Human Resources and the Worklorce

The public allititdc regarding both Hie value olcon-

linued Inveslmrnl in science and technology and the

impoi lance of education to achieving pet sonal and na

tional goals remains strongly positive." At the same
time, the Amci ii an public's level of scientific literacy

and gcncial technical preparedness aie not adequate
lo meet the needs of the changing ccniimny." A pio-

ductive. adaplablc. and skilled technical workforce for

all sectors of Hip economy depends on the quality of

the Nation's education system at all levels. Conse-

quently, the stair of rducation in science and mathe-

matics at the piccnltegc level i cumins a major

national concern. In international comparisons, the

United State continues to Ian behind the highest

achieving nations, even « ben compai ing our best

school disli icls with tbrii national performance.

Pie I'.S. system of higher education Is facing new
ptessuies and financial eonsltalnts r.nrnlhnrnts in In-

stitutions ol higher education continue to rise, and the

student body lias become increasingly diverse with

respect to ape, ethnicity, and walk of life. At the same

time, the absolute number ol undei graduate decrees

awarded in rnginrci ing, mathematics, anil computer

sciences continued to decline in 111*)! llowrvei . die

increase in full lime undei graduate engineering cntoll-

menlsfrom 1990 through l!X)2. nltri a year decline,

poi tends a rise in degrees in tin- cnininp veai s. While

women and African American. Hispanic American,

and Native American minorities have Increased Ibeir

representation in science and engineering disciplines,

their participation rales remain imacceplably low. ,s

Two year Institutions have absorbed most of the In-

crease In college em ollmcnts In recent years. But

associate degrees In engineering technology,

mathematics, computer sciences, and engineering

have fallen since the mid-1980s. ,fi Declining interest

In these degrees In 2-year colleges has special

significance for efforts to Increase participation by

groups traditionally underrcprcscnled In technical

disciplines—groups that form a disproportionate

share of the enrollment of 2-ycar Institutions.

Job ooportunltlcs and salaries for recipients of

science, mathematics, and engineering degrees

remain belter than (or other disciplines." But there

has been a decline In overall science and engineering

employment rales. In some fields, high proportions of

new rii.l) iccipients arc taking post doctoral posi-

tions, and pai Mime employment is becoming more
common at universities and colleges. Some profes-

sional associations also report extended time for job

se.lulling for Ph.D. giadualcs.'* A much more pessi-

mistic outlook pervades defensc-ielalcd industries. In

engineering occupations, downsizing among some
industries and reduction In defense spending have

contributed to a doubling of the unemployment rate

from 1987 lo 1992."

Partnerships and Institutional Concerns

Partnerships and coopci alive arrangements In

science, mathematics, and engineering reseprch and

education aie becoming more Important and

prevalent Ijolii domestically and Internationally. The
excitement and Importance of mulUdlsclplinary re-

search, the cost saving* achieved through shared

facilities and rcrouiccs, the more rapid diffusion of

knowledge, nnd the explosion of information net-

works— all these factors have provided |K>wcrful Incen-

tives fot the Increase In collaborative approaches.

In the United States, cooperation In R&D activities

within and among sectors Increased rapidly over the

last two decades. Activities such as ttniversily-

indnslry lescarch centers, multi-firm R&D alliances,

and coauthoi ship of scientific articles have

increased.2" States have become Important players

In piomoting cooperation at Hie local level.21

Tor the federal Government, the continuing need

to encourage Innovation and to ensure the most effec-

tive use of scaj cc financial resources has resulted In a

sh onger focus on cooperative activities. Ihe rcotgan-

iznlmn and downsizing of defense-related activities

umlci score Iheutpcncy for national laboratories to

cooperate with the private sector in defining new mis-

sions with benefits to civilian needs.22
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IV. Issues and Actions

"Science, by itself, provides mi panacea

(01 intlivithutl set hit. and economu ills;

it is effective in assming the national

ii (V/.nr (i.i a member o] a team .

IPhiI irilhoul Mienrifir /uhjimj. mi

amount of tit hit vcment in other

tliirt ttons i tin in.fl//r out health.

prosperity, irml set wily ns a nation in

the modem world."—

Vannn at limit. IOIS

Investment In Science and Technology

A robust knowledge base appropriate for economic
ginwlh. loiii; tciti job rir.iliim. protection nf Hit en

vii nnmcnl . ami social well being rcquii i s a conscious

commitment lo sit one and consistent lung-term sitp-

pnil Ini reseat ch and cdticalion as a pail nf n balanced

pin IWin n( activities and investment*. A coherent na-

liiinnl science and Irctinnlugy policy . a stinngcr indus-

trial rrsearch effnrl, and a rcfor.iircd mission (nr

P( drtal lahotalni ics air essential components nf this

coniniitincnt. P(|ii:illy critical, as stated in Mir May 13.

I9°3. N?ll white paper, hi Su^fnit ntTiatic Re-

search?* is a slintig foundation nf basic i cfcarclt.

Hie pt'icrssnf research ill fundamental sciences

and engineering expands flic knowledge base and

diieclly contl itjBtes In strategic national finals

llnniin.li pinii'Tt infi discoveries and flic continued

development nf a cadie nf educated people who are

Uie soun e of new solutions and new npttortunilics.

Apart finin its cnnlriliiiliniis In specific aicasol nation-

al importance, the nvci tiding sltalrgic value of basic

rrnr-nri Ii lesldes in ciiiic hi ynnd res* -airli arras and

questions whose utility is iiiidei stood to lliose whose

applications liavr yet to lie disr ovcrcri. As noted by in

dtirlty leaflets In a reccnl rcpntt, the primaiy value of

tlir university is in basic reseat ell and cdw ation.

These activities require and deserve stable Federal

support.25

Recommendations:

• An int leasedfiat lion of savings resulting fi out t tils

in defense RJ f> spending should be teditet ted to

dual-use let hnologies and snppat I o] tivilian

restai t h pi ioi iocs in sit ategit ally inipoi taut areas.

• A national initialhr slionld lie establishedfor the

tcnovatton imd modernization "j tow <

1

sitx

research facilities and major capital equipment.

A Technically Prepared Workforce,

A Scientifically Literate Public

A technically competent and scientifically literate

worlcfmcc drawing on a diverse and talented popula-

tion is essential to tills Nation's future. Changing

labni nmkrt conditions for scientists and engineers

—

and the broad-based requirement for a more techni-

cally li aiued, qualified, adaptable workforce and

cilizetity—tequire continued national leadership to

ensiu c quality education at alt levels. Increasingly

Important in this context Is the coordination of the

educational pi occss with the present and future needs

of the marketplace.

JtVcoiiimriKfafions:

• Mathematics, scicm e. and engineering curricula at

till levels oj etltit ation should he evaluated to ensure

that all students obtain the background neededfor

i/ir waikfoccc t>J thefuture. Apptoptiaie education

sbotdd he i expansive to workforce needs and

oppoi tunnies In industry and government as well as

universities.

•
I- alt nil agent ies must int tense their cooperation

» i»/i state governments, educational institutions,

and oihci gi oups in systemic educational i cfoi ms.

sin It as those pi omoied by the National Science

f mutilation, to improve the quality ofpi ecollegt

edttt ation in the sciences, mathematics, and

engineering.

' Building on sin i essful models. Fedei al and state

governments must redouble their efforts to increase

the pot in iptitian of women and widen cpiesented

ininoi ities. At the posi-scconilary level, special

attention should be given to 2-ycw institutions.

whit h have absatbed the gicot hulk oj growth in

em ailments and serve a highly diverse population.

New Partnerships and Institutional Issues

The coming century will Impose greater demands

and responsibilities on all who have a stake In the dis-

covery and us>: of knowledge. A more rapid pace of

discovery. Hie Increasing Importance of multldisciptl-

naiy research, and the confluence of research Inter-

ests and opportunities across Institutional lines call for

industry, acidemia, and government to supplement

It adilional modes of research support with creative ap-

pi oaches and relationships, both domestically and

Internationally.

Innovative institutional an angements appropriate

to the needs of complex muliidisciplinary research

teams have been the focus of many new government

progiams. These new approaches, complementing
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tlir wiiilc nl individual investlgatm;:. nmsl nintinuc In

be tested and successful modi Is expanded. New
imivcisitv partnerships ivilh induslry respond In pres-

sures (or greater relevance In smicl.il needs in re

scan li ami education, and fur nnnr effi i livr diffusion

i»f knowledge and idras tmni academic research In in-

dust! inl applii atinris. Micy also "Id i sprci.il oppor-

tunities to explore ikw research dim linns.

At the same lime. Ihr ginning iiumlvr nl ciillabnin-

livr arrangements nflen results in more cnniplcx is

sues concci nine conflicts nf interests and individual

pmpciry tights Regional economic development
initiatives, inrorpoi nlinp itillabni alive i escat ch

arrangements between industry and acidemia. will

rail on stairs to assume a stronger, catalytic role.

Recommendations:

• Fcdeial agent ir\ that provide wbsiannal support

I'm st lent r mid let hnology mint put \ue

tlltft lltltlttlltll I tli>pcltllltni ttU'lf 11 \lt I'l'lltl ttllv tit

st tent e. nitiiht intuit s. mitl cnrtniciinr i rsctnt It tit

i:\pandtlic global kinmicdge base, iitt rcase

diffusion t<j fnnii Mgr generated abroad lit VS.
scientists mitt t'ngineet r. tintl share ihr

oftpai amities aj global intuit h initiatives ttntl

t:\pcn.trs of tipet tiling t aslly i cscni t It fat iliiirs ttntl

tapital equipment

• Clt'tit guidelines tne net tletl » ith respect in

tonfli) is nf intrusts ami inirlln ttntl pionert\

issues us they tipplx u> academic i esruith

• I rtlrtal ttntl sttite govet mucins must develop mine
cohel cut ami \uppoitive' relationships with

academic institutions tit encourage a gt cater me af
knowledge generated hy academic research.

A New Context tor Science and
Technology Policy

lite new ploh.il envit eminent and const! aints en
the federal budget demand a fresh and vigorous na-

tional vision foi puhlic suppoi t of science- and technol-

ogy and belter 01 5ani7.3lion.il and policy coordination

within holh the Executive Branch and Congress. F:<

atopics of Impoi lanl new approaches In rationalize

Federal missions and processes in science and
technology include Ihe new National Science and
Technology Council, rhnircd by the President, and its

Fundamental Science Research Committee.
fherc is also a universally recognized need fnt

greater accountability in Ihe planning and implemen-
tation of all povcrnmenl missions, including support

for research and education Important Administration

efforts In Inn ease Ihe efficient use nf resources call

on agencies In emphasize: self assessment: improved

performance nl their missions: close attention to

pi ini ||y setting and planning: and support lor flexible.

cooperative arrangements that lake advantage of

good Ideas wherever they arc found. New cross-

apemy initiatives, such as Ihe Technology Reinvest-

ment Project, that focus on the development of tech-

nologies serving both civilian and defense-related

needs suggest productive models for leveraging

limited reseat ch dollars.26

Rrcnmmendnticins:

• All agencies should xy.Uematically assess their

1 <nm ilium ns 10 the Nation s R&D rapacity, both by

evaluating their nun programs and hit teasing

t otn dinatinn with other agencies in areas afmutual
iiuci est.

• I hi st tent e and enghlcct tng communities need to

tttminiiiiit titc to Federal sptMlsars and the public the

linltit;e of their activities with national goals.

• rctltt al ath i.wry and deliberative sunt luresfar

i< ierrrr and technology should more systematically

seel die input nf private industry and other

stall 'mldas.

V. Conclusion

American science and technology ate challenged

by extraordinary opportunities to expand Ihe

knowledge basrd horizons of humankind. Shaping n

new national strategy for science and technology and

Ihe means to implement it and evaluate its success is

the major task confronting Federal science and tech-

nology policy today.

I. William Jefferson Clinton. "Statement nf the

President" (Washington. DC: While House Office of Medli
Affairs. November 21. 1903).

2 National Science Board, Science & Engineering

Indicators - I9"1 NSR 93-t (Washington. D.C.: Government

IVinlinp Office. 1993) p. xvtl.

3. Ibid . pp. xvt. xvlil.

i Ibld.pxvl

5 Ibid p xvtl.

6 Ibid. p.PI.

7 National Siicncc Board. 7'i« Competitive Strength of

V S. Industrial Science anil Technology: Strategic Issues.

NPB D2-I38 (Washington. DC. National Science

Fnumlation. I9"2).pp. II.

S. Science * Engineering Indicators 1993. p. xjd.

11 fir t imiecultie Slreneth ntU.S. Inttttstnol Science Otttt

Tcchnnintty. pp i <l

10 Science & Engineering Indicators • 1993. pp. xlx. x.xf

11
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NSF Organization -—
3. QUESTION: The organization of the National Science Foundation should
optimize the Foundation's ability to fund projects In research and education that

will ensure excellence In basic science while also supporting progress toward
achieving our national goals. In the past, NSF has succeeded In this endeavor.

Changing national priories, however, suggest that the NSF would benefit from a

reexamination of Its organization.

How does NSF's current organization ensure that the Foundation Is responding
effectively to the nation's needs as codified In the national goals? What are the

strengths of the existing organization? Are there areas that could be more
effective, and If so, what are they and why? You mentioned at the hearing that

NSF has undertaken a process of self-examination to Improve the way the

organization will operate In the future. What Is that process? What Is the

projected timetable for the self-study? Are there any preliminary conclusions

which you would like to share with the Committee?

ANSWER: NSF's current organization maintains the Foundation's ability to encourage
evaluate and support excellent proposals, whether in traditional disciplinary fields or in

newer interdisciplinary areas of strategic interest. NSF is already responding to the

nation's needs as codified In the national goals through means such as cross-

directorate working groups, coordination between program managers, and contacts

with the research community This approach is intended to break down walls between
disciplines and encourage the research community to think more broadly about

research applicable to national priorities. In addition, as part of the strategic planning

process currently underway, we are working to examine the management structure for

research in strategic areas, with particular emphasis on how a "matrix management"
plan might best be implemented.

Although a single "best" organizational structure Is elusive, I believe there are basic

principles that should guide NSF The first is that the organization be sufficiently

flexible to recognize and take advantage of emerging fields of research and at the

same time phase out research in areas that are less productive. The ability to support

research that takes us in new and unexpected directions requires both organizational

flexibility and an organizational culture that values the innovative.

A second principle is the ability to capture, indeed to encourage, research proposals

that may reflect revolutionary approaches to problems. The difficulty in meeting this

goal is only partly one of organizational structure, because any organizational structure

can become entrenched and non-responsive. To adhere to this principle requires that

the organization not be locked into a rigid disciplinary approach to addressing

problems.

A third principle for NSF is the need to emphasize the integration of education and
research activities. This is a critical factor in attaining NSF goals.

I believe these principles are best expressed through a matrix management design that

assures NSF support for essential research that might not fit conveniently within one or

another strategic area. I am developing a streamlined Implementation of this concept

which I plan to put in place early in FY 1995.

Substantial progress has been made in the strategic planning process currently

underway. A Committee for Strategic Program Planning and a Strategic Planning

Working Group have been convened. The planning process has several important

objectives:

Produce a vision statement that captures the core values of NSF;

Establish goals in support of the NSF mission;

Develop criteria to guide priorities; and

Focus on accountability and public understanding of NSF.

The planning process will allow us to provide you with the framework of our revised

strategic thinking by June 30, 1994. Strategic planning documents are currently being
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drafted and circulated for review and comment by NSF staff, and will be discussed with

the National Science Board at its June planning meeting. This process should result in

a shared vision of what we and the Board see as the direction of NSF in the near

future. The final strategic plan will communicate this shared vision and will provide a

basis for the setting of objectives, milestones, and performance Indicators for each of

the Foundations major sub-units.

Systemic Initiatives

4. QUESTION: The State Systemic Initiatives to reform science and math

education are a relatively new venture for the National Science Foundation which,

before 1991, had funded smaller projects In the education field. In many ways, the

State Systemic Initiatives represent the equivalent of "big science" projects In

education.

What are the strengths and weaknesses of the systemic Initiatives? In funding

education, what balance should NSF strike between the systemic projects and

projects Initiated by Individual Investigators or organizations and how should that

balance be determined?

ANSWER: The underlying premise of NSF's Statewide Systemic Initiatives (SSI) and

other systemic efforts is that the attainment of world class standards in mathematics

and science education will require the replacement of isolated and piecemeal reform

efforts with more ambitious, coordinated, and coherent approaches involving many

aspects of the system. The purpose of these programs is to build the capacity and

infrastructure for science and mathematics education reform in states, cities, districts,

and regions so that all students receive high quality science and mathematics.

The strengths of this approach are:

1

.

The development in each state of clear goals for what students should know and be

able to do.

2. The use of policy instruments such as curriculum frameworks and student

assessments for communicating ambitious learning outcomes throughout the

education system.

3. The employment of a diverse set of strategies to achieve reform, including: model

or demonstration schools, training lead teachers or school teams, development of

new curricula, restructuring of preservice education, and mobilization of public

opinion. These have resulted In building the capacity of school-level educators to

implement reform.

4. The leveraging of SSI funds to obtain more than a 100 percent "match" of other

funds to support SSI activities.

5. The integration of the SSI's into a larger series of existing state reforms.

6. The inclusion a variety of agencies, such as state government, institutions of higher

education, businesses, and professional organizations in governance and

collaboration

7. The involvement of approximately one-quarter of the local districts in SSI activities.

The weaknesses of a systemic approach include those of any uncharted approach-

there are no "road maps" to follow. In addition, these are large projects compared to

most in education and require skillful leadership, strategic planning, fortitude, and

flexibility to be successful. They must balance leadership from the top with involvement

at the grass roots They must demonstrate some early success without losing their

long-term focus. They must not attempt to do everything at once and yet not leave out

anything critical. They must include all stakeholders without having chaos.

The systemic initiatives are the heart of the operation of the Education and Human

Resources Directorate (EHR) Currently, they account for some 20 percent of the EHR
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budget. The EHR strategy Is to continue to fund modest increments In systemic
programs, as the Urban Systemic Initiatives and Rural Systemic Initiatives come on-line
and as the Collaboratives for Excellence in Teacher Preparation complete their funding
cycle In addition, however, a variety of other programs, such as the Teacher
Enhancement program and several programs within the Human Resource
Development Division are becoming increasingly systemic. The remainder of the EHR
portfolio will include many projects initiated by individual investigators or organizations.
Increasingly, however, these projects, too, will focus on providing support for systemic
reform, such as new curriculum or professional development materials and new
assessment methods In addition, EHR will continue to fund opportunities for individual
scholars and means for new and innovative ideas to be developed and tested.

The ultimate balance between these will depend in general on the results of evaluation
and monitoring of the systemic initiatives and on an analysis of their needs and
contributions. It is too early to specify ihis balance in exact percentages. It would
appear, however, that approximately one-third to one-half of the EHR resources might
ultimately go to systemic programs with one-fourth to one-third going to projects
designed specifically to support them Approximately one-sixth to one-third of EHR
funds would then go to projects initiated by Individual investigators or organizations.

Merit Review

5. QUESTION: One of the criticisms of NSF that we sometimes hear from
constituents Is that the peer reviews used by the research programs are drawn
from an "old boy" network of academic researchers from a limited number of

institutions. Is that criticism justified? What steps does NSF take to ensure that

members of its panels come from diverse Institutions and are themselves diverse

with respect to gender and ethnic background?

ANSWER: NSF recognizes the Importance of maintaining a process that is both deep
in utilizing the expert opinions of leading researchers, and broad In the regional, ethnic

and organizational backgrounds from which these researchers come. NSF has long-

standing policies, programs and outreach efforts that are expressly designed to

encourage women, minorities and persons from other than elite universities to

participate fully in NSF programs The Foundation recognizes the need to broaden
participation in our programs - including the review process - and encourages program
officers to look for and include new individuals as part of the review community.

Because of legal considerations regarding privacy, NSF does not ask about the gender
or ethnicity of reviewers nor is such information maintained in the database. Although

NSF does not have any rules or requirements that mandate a program officer to use a

certain number of reviewers with regard to ethnicity and /or gender, there are policies

that peer reviewers should reflect a balance among several characteristics -- Including

geography, type of institution and organization, and underrepresented groups. These
policies are incorporated in the Foundation's Proposal and Award Manual. Program
officers choose peer reviewers with these policies in mind.

6. QUESTION: On a related Issue, the National Academy of Sciences recently

issued a report, Major Award Decisionmaking at the National Science Foundation.
which contained concrete proposals for improving the review process used to

make awards larger than $1.5 million In one year or $5 million over five years.

Among the Academy's recommendations was the implementation of a uniform

review of all proposals with a first review by a panel of technical experts followed

by a second review panel involving representatives of other concerned groups to

look at proposals of great technical merit. A second set of recommendations
involved providing more careful documentation of all steps In the decision

process. What is your view of these recommendations? What steps, If any, are

you taking to implement some or all of these recommendations?

ANSWER: The NAS Panels recommendations are under consideration by the

Foundation to determine what changes may be appropriate. The Foundation's

statement at the time of the report's release is provided below. As the Panel itself



76

recognized, the majority of its recommendations are consistent with current NSF
practice or would require minor changes; addressing the two mentioned in your

question requires the most thought.

One of the Panel's recommendations, namely that the National Science Board should

cut down on the number of major award items it routinely reviews, is consistent with the

following resolution approved by the Board at its May 1994 meeting raising the dollar

thresholds for Board review This decision was the result of extensive examination

over the last year by the Board itself of its roles and workload, and Is intended to allow

more time for policy development, long-term planning, and oversight.

ATTACHMENT A TO NSB-94-95

DELEGATION OF AUTHORITY

(1) The Director of the National Science Foundation (Director) shall make no award Involving

more than fifteen million dollars In total, or more than three million dollars In any one year,

without the prior approval of the National Science Board (Board), except for any continuing

project, facility, or logistics-support arrangement for which the Board has waived review.

(2) Except as provided In paragraph (1) or by specific resolution of the Board, the Board hereby

delegates to the Director authority to make any award within the authority of the Foundation,

consistent with the authority of the Board to approve the Foundation's programs

(3) When the Board approves the award of a specific amount of funds, the Director may
subsequently amend the award to commit additional sums, not to exceed twenty percent of the

amount specified or ten million dollars, whichever Is less, or to change the expiration date of the

award.

(4) This resolution supersedes and replaces the resolution of the Board (NSB-91-69 ) on this

subject adopted In 1991

The Panel's statements about a two-phase review process specifically refer to the

second phase as involving additional peer experts "qualified to evaluate proposals on

both the additional criteria and the technical criteria identified for that project." The
Panel did not suggest involvement of "representatives of other concerned groups".

Statement

on the release by the National Academy Press of the report

"Major Award Decisionmaking at the National Science Foundation"

The National Science Foundation and the National Science Board have received the report of

the Panel on Decisionmaking for Major Awards of the National Research Council. The report

focuses on the process of decisionmaking by the National Science Board about proposed

research projects, programs and facilities that have significant amounts of funding and/or

significant policy or management Implications Thus the report's recommendations are

particularly relevant to the role and operations of the Board

The Foundation periodically evaluates its proposal review system and adapts it, as appropriate,

to new needs and circumstances This report, requested by Congress, was produced by a

distinguished Independent panel operating under the guidance of the National Research

Council's Committee on Science, Engineering and Public Policy, which Includes experienced

members of the academies of Science and Engineering and the Institute of Medicine

We welcome constructive recommendations In the spirit of continuous improvement of what Is

widely recognized to be an excellent system for support of research throughout the nation. We
will carefully review the report and Its recommendations and respond In detail when we
complete our review

Academic Research Infrastructure

7. QUESTION: The most recent set of proposals for the academic research

Instrumentation program was due March 15, 1994 and proposals for the academic
research facilities modernization program were due April 5, 1994. How many
proposals have you received under each program? What is the total amount of

funding requested under each program? What proportion of that total do you
consider to be of sufficient technical merit to deserve funding?

ANSWER: A healthy and productive U.S. science and engineering enterprise requires

access by the academic research community to state-of-the-art research facilities and
instrumentation. NSF's academic research infrastructure activity consists of two
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components-facilities modernization and major research instrumentation. An
inteqrated approach is needed to improve the condition of both research equipment
and facilities at universities and colleges.

In response to the solicitation for research instrumentation, 420 proposals have been
received requesting approximately $174 million. In response to the solicitation for

research facilities, 281 proposals have been received requesting approximately $226
million

NSF relies on merit based peer review for funding decisions. In the Fiscal Year 1993
academic research facilities modernization competition, the merit review panels
recommended that NSF support approximately 46% of the proposals that competed.
The panels that reviewed the academic research instrumentation proposals during the
Fiscal Year 1992 competition recommended approximately 52% of the proposals for

support by the NSF.

University Radio Astronomy Facilities

8. QUESTION: The Committee has received from the Foundation a copy of a

report from an ad hoc committee known as the Taylor Committee. That committee
was asked to review and advise the Foundation about the future for a number of

university radio facilities. Would you review the findings of this report with the
Committee and give us some sense as to how NSF will respond to the

recommendations. Will NSF be terminating its support for any of these centers?

ANSWER:

Background: The National Science Foundation's Division of Astronomical Sciences
(AST) presently supports five university based radio observatories. These are (1) the

Haystack Observatory of the Northeast Radio Observatory Corporation, (2) the Owens
Valley Millimeter Array (OVRO), (3) the Berkeley-lllinois-Maryland Array (BIMA), (4) the

Caltech Submillimeter Observatory (CSO), and (5) the Five College Radio Astronomy
Observatory (FCRAO).

The five facilities share special strengths and common administrative and scientific

characteristics. In particular:

They play a unique role as educational resources, training a substantial

fraction of astronomy's new Ph.D.s and the vast majority of new
instrumentalists in the field.

They act as foci for large, innovative research groups.

While all five university radio observatories operate scientifically and technically sound
programs, within the past few years it has become evident that In order to facilitate

growth and innovation within this sector of the AST program, a prioritization of facilities

culminating In the measured withdrawal of support for one observatory, will be
necessary.

Process

In the past 25 years, AST has withdrawn support from 13 university-based radio

telescopes so that funds could be employed in support of newer or stronger programs
elsewhere; the last such termination occurred in FY 1989 Nevertheless, it was decided
that it would be desirable to involve the astronomical community as far as possible in

the process of ranking currently-supported university radio facilities, with a view toward
the probable withdrawal of support for the weakest program.

A committee of three distinguished astronomers, headed by Dr. Joseph Taylor of

Princeton University, was selected by the Director of the Division of Astronomical

Sciences. Dr Taylor received the 1993 Nobel Prize in Physics for his research on
pulsars The committee was charged with producing a ranked ordering of the five

university facilities according to the following criteria:
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Recent and probable future scientific productivity, as judged by both publication

record and scientific accomplishment.

The role each facility has played and can be expected to play In educating US radio

astronomers, both instrumentalists and observers.

The availability of observing time at each facility to the US astronomical community.

Uniqueness and the role each facility plays as a component In the US radio

astronomy program.

The potential of each observatory for future Instrumental and scientific

development.

In order to fulfill its charge, the committee made intensive, one-day site visits to each
observatory. The committee was accompanied on these visits by the NSF Division

Director for Astronomical Sciences and by the Unit Coordinator for Radio Astronomy
Facilities, in order to keep NSF program management fully informed of the status and
progress of the review Each observatory also provided in advance of the committee's
visit a basic information package describing the basic characteristics of the facility.

Findings and Future Actions

The Taylor committee's ranking of the five university facilities was:

(1) Owens Valley Millimeter Array

(2) Caltech Submillimeter Observatory

(3) Berkeley-Illinois-Maryland Array (tie)

(3) Five College Radio Astronomy Observatory (tie)

(5) Haystack Observatory

The committee noted that there was a substantial gap between the ranking of OVRO
and the next three facilities; the committee also noted that there was a similar gap

between the middle three observatories and Haystack.

At present, AST supports two programs at Haystack Observatory: single-dish radio

astronomy operations of the 37m antenna, and research in very long baseline

interferometry (VLBI).

Partly on the basis of the Taylor committee's ranking, AST will be making an orderly

and measured reduction in its support of single-dish observations at the Haystack

Observatory in Westford Massachusetts These reductions will terminate with the

cessation of all AST funding for this program at the end of FY 1997.

AST is working with the management of the Haystack Observatory to preserve a core

program in VLBI beyond FY 1997; this Is an area In which Haystack personnel have

long been world leaders.

At the same time, AST is also striving to help Haystack define for Itself an innovative

role as an educational facility, an area In which the observatory has long been

prominent.

LIGO

9 QUESTION: NSF has recently named a new principal Investigator and project

director for the Laser Interferometer Gravitational Wave Observatory In order to

address certain management problems. To what extent will these changes affect

staffing requirements, the project's schedule, Its final cost and its budget over the

next 3 years?

ANSWER: The organizational structure of LIGO is being modified to be more

responsive to the needs of the project as it progresses from the stage of Intensive

research and development to construction. The staff is expected to increase by about

15 persons. The project schedule completion date is expected to remain unchanged.
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NSF is now in the process of reviewing the cost of the project, with the assistance of an
outside team of experts Preliminary activities took place in early April. The current

plan calls for the cost review to be completed by October 1, 1994, coinciding with the

finalization of the details of the reorganization. The report will enable us to verify or

correct our estimates. We will inform the Committee as additional Information becomes

available

Support for Graduate Education

10. QUESTION: As you know, this Committee has been a strong supporter of a

graduate traineeshlp program. We authorized such a program for NSF In P.L. 101-

589, the Excellence In Mathematics, Science, and Engineering Education Act of

1990. The FY 95 budget request does not provide for any new awards, although It

supports the 360 existing positions In traineeshlp programs. Why was this

decision made? Was It reviewed with the National Science Board and what was

their reaction?

ANSWER: The FY 1995 Budget Request for the Education and Human Resources

(EHR) account reflects the priorities of precollege systemic reform, technological

education and undergraduate education. In addition, a priority within the Foundation's

Graduate Education and Research Development Activity was to increase the stipend

and the cost-of-education allowance in the Graduate Fellowship program. This

increase is essential because NSF's fellowship support has fallen below that of

fellowship programs in other federal agencies.

When the National Science Board (NSB) approved the Foundation's plans for the FY

1995 Budget Request at its August 1993 meeting, a request for an additional class of

traineeships was included. There was no formal discussion of the traineeship program;

however, the NSB has expressed its support for traineeship programs In the past.

The NSB has begun examination of the traineeship issue in the context of evaluating

the adequacy of education and training in the preparation of a workforce appropriate to

meeting the diverse needs of the maiketplace. The NSB Education and Human

Resources Committee, with the assistance of the Foundation's EHR Directorate, has

begun to explore different ways to provide financial aid for graduate education.

Biennial Report on Women and Minorities In Science and Engineering

11 QUESTION: As a result of the Equal Opportunities In Science and Engineering

Act of 1981, the Foundation publishes a biennial report on women and minorities

in science and engineering. When will the next edition of this report be available?

Can you provide us with a preview of the trends and major developments which

this report will likely show?

ANSWER: The 1994 edition of the report Women, Minorities, and Persons with

Disabilities in Science and Engineering is scheduled for delivery to Congress in

summer 1994.

Preview of Selected Findings

. The gender gap in mathematics achievement does not appear until age 17, and Is

seen in a smaller percentage of girls taking the highest levels of mathematics.

Similar differences appear early across racial/ethnic groups. The reasons for these

gaps appear to differ for gender and for race/ethnicity.

Females tend to score lower on standardized tests (such as SATs for college-bound

high school seniors) than males, although they earn higher grades than males at

both high school and college levels.

Underrepresented groups have made some progress in attaining credentials

through the educational system. For example, women have increased their

participation in undergraduate education, although their progress in science and
engineering (S&E) fields has been slower than in non-science fields. Between
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1981 and 1991, women increased their share of bachelor's degrees overall from

49 9 percent to 54.1 percent, reflecting their larger shares In enrollment. They
earned 43.9 percent of the S&E degrees and 58 5 percent of degrees in non-S&E
fields. Their participation varies greatly across S&E fields, being highest in

biological sciences (51.1 percent) and psychology (72.6 percent); lower shares are

evident in engineering (15.5 percent) and physics (15.8 percent); some fields lie in

between, notably chemistry (40.4 percent) and mathematics and social sciences

(both at 47.2 percent).

Minorities have earned increasing numbers of S&E degrees At the bachelor's

level, minorities earned 10 7 percent of S&E degrees In 1991. The actual number
of degrees awarded to minorities increased by 9 percent over the 10-year period

from 1981 to 1991, a period when the number of degrees awarded to whites

declined At the Ph.D. level, increases In percentage terms may obscure the small

absolute numbers of awards to minorities in S&E fields. Increases of 5.3 percent In

S&E Ph D 's to blacks in ten years, of 83 2 percent to Hispanics and 81.6 percent to

Native Americans raised the number of degrees only to a total of 783 for these

three groups in 1992, out of 14,262 Ph.D.'s to U.S. citizens in total.

Despite increases in educational achievement, an important prerequisite for

participation in many S&E fields, evidence indicates that underrepresented groups

face other serious hurdles entering fields where their participation has been low.

Cultural barriers appear to be inhibiting change.

Women have increased their numbers in the workforce and in professional specialty

occupations. In S&E they are concentrated in occupations within the social

sciences and health assessment fields. In 1992 women represented 52 6 percent

of those in all professional specialty occupations, but they make up only 8.9 percent

of persons employed as engineers, 33.5 percent of those employed as computer
scientists, and 27.2 percent of natural scientists.

Minorities also remain underrepresented among scientists and engineers. For

example, while 10 4 percent of the civilian labor force is black, they make up only

3.2 percent of the engineers and 4.2 percent of the natural scientists. Hispanics

were 8.1 percent of the total labor force, but 3.2 percent of the engineers and 3.0

percent of the natural scientists.

Fewer than one percent (0.6 percent) of the employed doctoral scientists and
engineers report that they have a physical disability. This group is more likely to be

employed part-time, rather than full-time, than is the group of all doctoral scientists

and engineers (11.7 percent compared to 5.7 percent).

Diversity in the National Science Board

12 QUESTION: As you know, there has been a substantial amount of discussion
In the last year or two about the lack of diversity on the National Science Board.
We seem to be making some progress on that front with the recent confirmation
of Dr. Shirley Malcom. We have 8 additional vacancies to fill this spring. While the

nominations are the prerogative of the President, to what extent have you been
focusing on this diversity Issue with respect to recommendations concerning the
composition of the Board? Have you discussed Including representatives of

industry on the Board?

ANSWER: The NSB is convinced that, in addition to personal excellence and
achievement, the effectiveness of the Board is enhanced by a diversity In the origins,

experiences, and disciplinary interests of its members. The need for greater

representation of women and underrepresented minorities has been a special concern
of the NSB A Board task committee solicited nominations for this year's vacancies
from about 300 individuals, professional and educational societies and associations —
notably including organizations representing minorities, women, and handicapped
persons -- and an announcement was published in the Federal Register. The criteria

used to evaluate potential NSB nominations explicitly include balance in Board
membership on the basis of representation of women and minority Individuals.
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Representation of industrially affiliated members is one of the criteria used by the
Board in composing a balanced list of potential nominees to propose to the President
The NSB has always enjoyed participation by members with industrial affiliations Four
of the 24 members of the Board, and ?3 former members of a total 140, including threewho served as NSB Chairs within the last fifteen years, have had a primary affiliation
with industry at the time of appointment.

Questions for the Record from Senator Mikulskl

Graduate Education and Training

13 QUESTION: Math and science education has been the highest priority of mine
from preschool education all the way up through post graduate work. Education
is empowerment.

Math and Science education Is critical; and NSF, I believe, sets the standards for

math and science learning at all levels. But, now we have students who were told

they needed an advanced degree and now are trained Ph.D.'s with no Job.

How do you think NSF can encourage change so that we educate students for real

Jobs In math and science?

How do you believe we can train our Ph.D.'s to be better prepared for the

workforce?

ANSWER: Historically, advanced training for scientists and engineers occurred largely

as a pari of research programs, rather than through any strategic consideration of

national needs for the science and technology workforce As a result, the current

system tends to perpetuate itself by producing scientists and engineers trained for

increasingly narrow, and increasingly limited, research roles, predominantly in

academe This largely ignores the broader interests of our students and of the nation.

To reform this system NSF aims for a flexibility in advanced training for scientists and
engineers that will develop broadly educated, versatile people with the knowledge and
skills necessary to address the needs of the nation in a rapidly changing world. We
must rethink what it means to be a scientist, engineer, mathematician or technician.

We need to encourage the development of broader skills, and the willingness to seek
out other partners in the transfer of knowledge.

Roughly one-fifth of the support for graduate students in science and engineering

comes from the Federal government -- either through research assistantships,

fellowships or traineeships. This means that Federal agencies can make a major
difference in graduate student education, if they choose to do so.

The solution to these problems does not begin at the graduate level. NSF is committed

to improving education and workforce training at all levels, so that all Americans can
obtain the skills and knowledge needed to succeed in the workplace. NSF can play a

key role by supporting the development of quality science and mathematics education

for all students at all levels through such means as curriculum reform, development of

faculty and teachers, providing research experiences for students, and promoting

learning connected to context, phenomena, and real-world problem-solving.

Let me give you a few examples of what NSF is doing to make a positive difference:

First, the broad priorities we have set in the research budget are important to note,

Including the increasing emphasis on areas of strategic priority to the nation. This

encourages the research community to think more thoroughly about how they can

contribute to addressing society's concerns. It also brings a more strategic focus to

graduate education by attracting students to areas of increasing national importance.

Second, I think we will continue to see more programs that give students a broader-

based educational experience while in graduate school The most prominent examples

of this are NSF's centers such as the Engineering Research Centers and the Science

and Technology Centers. The centers give students an introduction to working on
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large, multidisciplinary problems - often in collaboration with researchers from Industry.

This is a new experience for most students, and for many faculty members as well.

Third, NSF has also established a number of smaller programs that also move graduate

training in this direction Our divisions of Chemistry and Chemical Engineering have
launched a joint program with the Council for Chemical Research to develop

environmentally friendly methods of synthesis and processing. This program strongly

encourages the principal investigators to seek out collaborators from industry.

The Engineering Directorate recently began a program called Grant Opportunities for

Academic Liaison with Industry (GOALI). This program provides support for personnel

exchanges between industry and universities and for collaborative research projects.

NSF's other Directorates also have or are developing similar types of programs. These
all give graduate students experiences that go beyond the traditional norms.

Again, these programs are small and reach only a small fraction of the people we
support But I view them as the seeds of change in graduate education. And I think

even in these times of budget stringencies, these types of programs should be given

every opportunity to blossom and grow.

Public Understanding of Science and Engineering

14a QUESTION: We have already seen how budget cutting has Impacted science

and technology. Look what happened to the Supercollider.

It was Important to basic physics research, but not everyone saw It that way. The
Supercollider had its problems, but also no one could adequately articulate how H

fit Into our national strategy.

How do you believe NSF can facilitate the public's understanding of the

Importance of science and engineering?

ANSWER: According to the National Science Board's Science and Engineering

Indicators: 1993, most Americans hold positive views of science and technology. The

vast majority, however, feel that their scientific and technical knowledge is limited.

There is broad agreement that economic, social, and political advantages exist in

increasing the proportion of the population that is scientifically literate. The problem of

achieving higher levels of scientific literacy requires both short-run strategies that

broadly target the entire population, primarily through informal science education

activities, and longer-term strategies that focus on our youth.

In the informal arena, NSF supports a wide variety of projects designed to reach the

general public, informing them about science, mathematics, engineering, and

technology (SMET). Some projects involving radio, television, and film have already

demonstrated their ability to impact broadly on society. Examples In this arena include

NSF's support of science and environmental coverage by National Public Radio and

/MAX films (both with a strong impact on adults), as well as popular shows such as Bill

Nye the Science Guy and the Saturday morning cartoon series, CRO (targeting

children) Public understanding of science is also promoted through science museum
and technology center exhibits and community-based groups, both of which often

involve youth and adults In hands-on science activities. Informal science activities

provide much needed exposure to scientific terminology that encourages further

reading and study; helps the public understand the basic process of science; and

increases awareness of those societal issues In which science and technology play a

critical role.

Many times informal science projects complement and/or supplement formal education,

promoting interest and deepening understanding in SMET fields The effort for

comprehensive reform of science and mathematics education at the K-12 level

promises great pay-off in increasing literacy in science and technology. It promotes

development of critical thinking skills and problem-solving, and promotes increased

interest and study in these fields At the post-secondary level, NSF promotes

increased scientific literacy of all post secondary students through programs aimed at

strengthening education at the two-year and four-year institutions.
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Enhancing the scientific and technical literacy of the American people is one of the

keys to global competitiveness. Over time, a stronger education system will lead to

informed citizens who are more confident in their knowledge, as well as more aware of

issues in science and technology and their implications for our nation and society as a

whole. NSF plays a leadership role in the science and math education reform effort.

Through NSF's efforts which actively involves stakeholders across various sectors, it

brings visibility to science and technology and Increases awareness of their role in

society.

14b QUESTION: How does NSF plan to get the word out on research results and
exactly how science helps?

ANSWER: The Foundation has a comprehensive communications effort designed to

inform a variety of different audiences about its activities and programs, major

advances in science and engineering achieved with NSF support, and how science and

technology contributes to quality of life issues and achievement of various national

goals For example, through National Science and Technology Week, NSF and

corporate sponsors support the development and dissemination of education materials

to thousands of elementary and secondary schools all across the country. These

educational materials are designed to introduce students to the fun and excitement of

science. In the ten years NSF has supported National Science and Technology Week,
we have seen an ever increasing number of state, local, nonprofit and private sector

organizations participate in local efforts to help Interest young people in science and

technology as well as raise the public's awareness of the impact of science and

technology on everyday life.

NSF has a comprehensive outreach program designed to inform prospective

participants about NSF programs and opportunities for support. These efforts are

particularly directed at institutions which are not among the leading recipients of NSF
funds In addition, the NSF outreach efforts also focus on non-academic groups such

as state government officials, business and industry groups, and local elementary and

secondary schools

Another important way that NSF distributes information about the research it supports

is through the public affairs staff's media relations activities. These activities are

conducted by a small group of communications experts comprised of professional

writers, media relations experts, and audio-visual specialists. The group targets its

efforts at print and electronic journalists.

The staff disseminates information about important research results-and the critical

role which science plays in the quality of peoples' lives and the country's future-

through a mix of written and audio-visual products, and special events. Written

products include news releases, feature stories, tipsheets, publications, and speeches.

Audio-visual products include radio and television background information kits, audio

feature stories, video news releases, short film and video presentations on selected

topics In science, engineering, and education. Combined with press conferences and

briefings, media availability sessions, and other selected special events, the full breadth

of its public affairs activities enables NSF to explain fully its mission and activities.

Many recent efforts have been noteworthy For example, more than 125 journalists

followed-up on an NSF press release about a company, supported by NSF's Small

Business Innovation Research program, which developed an air conditioner that uses

no chlorofluorocarbons In its cooling system.

In response to the January 1994 earthquakes in Northridge, Ca., NSF provided

journalists various examples of NSF-supported earthquake research, examples which

formed the basis of newspapers articles and television stories These examples

ranged from the development of high-tech hammers and sensors that help determine

structural damage in reinforced concrete to new methods to evaluate and repair

underground water, sewer, oil. and gas lines to new theoretical models used to improve

the nation's emergency planning, disaster response, and residential rebuilding efforts.

The Foundation has also featured research at the NSF-supported National Center for

Atmospheric Research in Boulder, Co., which was designed to better understand and
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predict the atmospheric conditions that invite the formation of crash-causing ice on
aircraft wings Another example involved three University of Houston investigators who
used supercomputers to find a previously hidden "back-door" entrance into an enzyme
thought to play a significant role in Alzheimer's disease and glaucoma. This kind of
discovery may lead to new drugs that have fewer and less severe side effects than
current medications used to treat these and other debilitating ailments.

NSF and Industry

15a QUESTION: The Commission on the Future of the NSF stressed greater

linkages and Increased Interaction between NSF and Industry.

I am Interested to know If NSF has Improved Its communication with Industry.

How many of NSF's management staff have come to NSF from private Industry

and what are NSF's plans to Increase this number?

ANSWER: Of the 113 senior executives currently at NSF, seven have come directly

from private Industry or from organizations closely affiliated with private industry, but

many more have held industry positions sometime In their careers. In addition, four

current members of the National Science Board and twenty-three former members
have had a primary affiliation with industry at the time of appointment. Many others at

the Foundation have been exposed to the industry perspective on NSF activities

through collaborative research efforts and collegial affiliations on panels and at

professional meetings.

NSF is increasing its contacts and partnerships with private industry and, as a result,

hopes to identify and attract well-qualified individuals from that sector to management
positions. An obstacle to such recruitment is the high compensation level of such
individuals compared with their Federal counterparts Although this imbalance also

exists between academla and the government, the Foundation has successfully used
the provisions of the Intergovernmental Personnel Act (IPA^ to attract highly

compensated executives from universities. Unfortunately, the IPA does not encourage
such exchanges with much of private industry, specifically for-profit organizations.

15b QUESTION: What specific outcomes would NSF hope to achieve through Its

Interactions with industry?

ANSWER: One of NSF's major goals is to foster collaboration among researchers in

different disciplines and among universities, industry, national laboratories, and State

and Federal Government agencies. Collaboration can open up new areas of Inquiry;

introduce fresh perspectives and new challenges; facilitate the application of new
knowledge; and make more effective use of scarce resources Collaboration Is not

easy, nor is it a panacea for all our problems. But it is a valuable tool, and one NSF is

learning to use more effectively.

For example, NSF benefits from the involvement of representatives from industry in

discussions related to the identification of problems and development of programs
within the multi-agency US Global Change Research Program NSF involves private-

sector firms in its evaluation of global change research proposals as external reviewers

and as members of advisory panels Through these interactions, industry is able to

express their needs and priorities, have them addressed and incorporated into NSF's
programs and, as a result, increase the benefit they receive from NSF-supported
research.

A second goal of NSF's industrial interactions is to expand opportunities for the

exchange of students and researchers between academe and industry. For example,
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one of the hallmarks of the Engineering Research Centers (ERC) program Is the

mutually beneficial relationship between students and faculty with industry. Students

and faculty are exposed to industrial practices and needs, enhancing opportunities for

training specifically relevant to industry. At the same time, industrial participants are

exposed to more advanced concepts in research and technology developed at

academic institutions.

For the university and the student, the benefits of this contact are immeasurable. It

gives everyone involved a broader perspective on career opportunities, approaches to

research, and of science and engineering generally. For industry, the benefits begin

with the knowledge gained from the research, but they keep flowing for years into the

future. When students who have participated In Joint research activities move on to

jobs in Industry, they bring with them an understanding of Industry and a respect for

careers in industry that often In the past had been missing from the academic
experience.

NSF also leverages its funding for projects with matching funds from industry. For

example, in the Industry/University Cooperative Research Centers program, for every

$1 provided by NSF, industry provides, on average, an additional $7. This greatly

expands the scope and impact of NSF-supported projects. All of these Interactions

between NSF and Industry foster efforts to transfer knowledge and technology resulting

from fundamental research to successful applications in industry.

Academic Research Infrastructure

16 QUESTION: On the Issue of facilities, there Is so much Infrastructure that

needs to be reworked and I am concerned about how universities and especially

small colleges will be affected without support for facilities. It will be difficult for

our universities to conduct research and get people ready for jobs without this

support.

Please tell the committee what NSF has planned for how to address this situation.

ANSWER: NSF plans to continue its program of competitive grants for academic

research infrastructure. In this program we will emphasize research and research

training facility renovations and the acquisition and development of research

instrumentation. Also, in this program we will continue to separate the institutions into

three groups, based on how successful they have been in obtaining funds from the

NSF in previous years. That way, institutions will compete against like institutions. A
certain percentage of the Academic Research Infrastructure Program funds will be

allocated for each group. Therefore, small colleges will continue to have funds

available for their infrastructure needs.

It is our plan to work with the Office of Science and Technology Policy, through the

National Science and Technology Council, in order to lead a cross-agency effort that

focuses on the modernization of the university and college research and research

training infrastructure.

Women and Minorities in Science

17a QUESTION: I know there has been a campaign to engage more women and

minorities Into the field of science -- in physics, chemistry, engineering and

mathematics.

But yet only about 8% of the doctoral degrees In physics being earned by women,

and about 1 percent by African Americans.

What is NSF's campaign to recruit women and non-white individuals Into the field

of science?

ANSWER: NSF has identified several Issues that are of particular concern relative to

women, who are significantly underrepresented in the sciences, engineering and

mathematics (SEM), including:
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. the disproportionately high numbers of girls who lose Interest In science
during elementary and middle school;

the low numbers of women who enroll In college-prep science and math
courses In high school;

the disproportionately low numbers of women entering undergraduate
studies in SEM, particularly In the physical science, computer science, and
engineering;

. the current low numbers of women completing SEM degrees at all levels;

and

. the slow rate of women's advancement to senior rank and other leadership
positions.

To reverse these trends, changes are needed. At the elementary and secondary
levels, there must be significant changes In the ways science and math are taught to

insure inclusion and participation of girls and young women and other
underrepresented groups. This includes changes in the formal and informal
interactions that support and develop their interest, understanding, and skills in science
and mathematics. At the colleges and universities there must be changes in the
cultures of SEM departments to improve the recruitment and retention of women and
girls and other underrepresented groups, In SEM studies and careers. At all levels,

there are barriers to participation for these populations that need to be addressed.

NSF's Programs for Women and Girls (PWG) is an effort begun In 1993 to help
address some of these barriers Components of this program are:

1. Model Projects, which encourage the design, Implementation, evaluation,

and dissemination of Innovative, short-term, highly focused activities which
improve access and/or retention of the target populations in SEM education
and careers;

2. Experimental Projects, that support activities which create positive and
permanent changes in the academic, social, and scientific climates which

allow the Interest and aptitudes of the target populations in SEM to flourish.

This effort also supports projects which add to the knowledge base
regarding interactions between gender or disability and the infrastructure of

SEM.

3. Information Dissemination Activities, which accelerate efforts to increase

the participation of these populations in SEM by encouraging widespread
dissemination of information and strategies. This program supports

activities which inform others of successful strategies which improve
participation of or reduce barriers to these populations In SEM.

Underrepresented minority students drop out of school in significant numbers as early

as the seventh grade. This is before formal study of science and math begins. Minority

students need to have activities that first influence them to stay in school and then to

continue to study science and math.

NSF is determined to ensure that individuals from all groups have an equal possibility

of participating in SEM fields. NSF's goal is to substantially Increase both the number
of underrepresented minorities in NSF-supported fields receiving B.S. degrees and
minority PhD attainment by the year 2000.

These goals require projects with an emphasis on cohesive, collaborative strategies

and specific outcomes. The following programs are designed to increase the

enrollment and retention of minority students and produce measurable results:
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. Summer Science Camps designed to increase student interest In and exposure to

science and mathematics The program targets the middle school years where

students begin the crucial study of science and mathematics and begin to explore

career options.

. Partnerships for Minority Student Achievement designed to focus on the needs

of underrepresented minority students and require the direct participation of the

school system to support an integrated, systemic approach to enhancing all major

components of educational system. This program is targeted at the precollege

level

. Comprehensive Regional Centers for Minorities designed to develop systemic

approaches to increase the number of minority students enrolling In precollege

courses which will prepare them for pursuing SEM undergraduate programs. This

program focuses in regions of high minority population and must be developed

through partnerships among several public and private organizations and

community groups in the region.

17b QUESTION: What Is NSF doing to combat biases against women and

minorities In the scientific community? At NSF?

ANSWER- In addition to programs designed to bring more women and minorities into

the field of science, NSF has policies to encourage full participation by women and

minority scientists and engineers.

The most direct steps the Foundation can take within the scientific community Involve

areas in which NSF has control, such as the selection of peer reviewers and advisory

committee members There are explicit policies at NSF that reviewers and advisory

committee members should reflect a balance among several characteristics - Including

geography, type of institution and organization, and underrepresented groups.

In addition, NSF has focused programs to provide special opportunities for women
,

and

minority researchers. Research Planning Grants enable those who have not had pnor

federal research support to develop a competitive research project. Career

Advancement Awards support one-year projects to increase research capability and

productivity. In the new program for Faculty Early Career Development concern for

balanced academic career development and emphasis on equitable participa ion by

members of underrepresented groups will be part of proposal review and evaluation.

There are indirect ways, as well, that the Foundation can influence the community

through the grant process For example, the Directorates for Biological Sciences (BIO)

and for Social Behavioral and Economic Sciences (SBE) have policies that address

barriers to full participation at conferences, meetings and international congresses^

programs recommending awards for meetings that do not include women among the

Lied speakers (in SBE, women and minorities) must describe actions taken by the

principal investigator to identify qualified individuals and must provide an explanation

for the omission.

NSF is also engaging the community In a dialogue on the climate and structure of the

learning and working environment, by Inviting letters and e-mail1™™^%*%
The goal outlined by the Director in a recent editorial, is to understand the barriers to

pursuing careers, and to share ideas about how to address them (The Scient.st ,

January 24, 1994)

At the Foundation, a task group on equal opportunity has been established to review

the internal situation and recommend ways to improve the management and structure

of continuing equal opportunity efforts. The issues that have been Identified include

equal opportunity organizational elements and effectiveness; events, programs and

workforce equal opportunity training; NSF outreach efforts; «reer development;

collection and analysis of data; and the workplace environment The task group Is

seeking input from NSF staff as well as the NSF Committee on Equal Opportunity ,n

Science and Engineering (CEOSE).



88

Evaluation of Research Programs

18 QUESTION: What evaluation criteria are used now to determine the quality and
Importance of an NSF research program? How is the decision made to terminate
an existing program?

ANSWER: In general, NSF determines the quality and importance of existing research
programs through a continuous and open process that receives input from the
scientific, engineering, and education communities and the public at large. Choices as
to what priorities to put on various areas are influenced by such factors as scientific and
engineering readiness, technical feasibility, affordability, and balance with existing

programs. These priority-setting factors are debated continuously through such
mechanisms as advisory committees, the National Science Board, professional
societies, the National Research Council, and workshops and task forces such as the
Blue-Ribbon panel on High Performance Computing In addition, standard Foundation-
wide criteria for evaluating programs of research are being developed as part of the
current internal strategic planning process.

NSF's programs change and evolve on a continual basis, depending upon the
movement within the science or engineering field and national needs. Because of this,

outright termination of a program rarely occurs. For example, over a ten year period,

most programs within the Biological Sciences have changed in name and program
content Programs may have been terminated, combined with others, or re-focused.
Even in those cases where program titles may remain constant, program content does
not. Those research areas that evolve and change do so as a result of continual

qualitative peer-review based evaluation, speciai advisory studies, such as NRC, task
forces, workshops, program status reviews, and, to some extent, the Committee of

Visitors reviews every three years. Evolution In content keeps a field fresh and
relevant.

Future of NSF

19. QUESTION: You have said that you understand the Importance of government
directing its Investments In science toward "society's highest priorities."

As Director of what I believe to be the lead agency on science policy, what do you
believe those priorities should be?

And what do you see as the future of NSF?

ANSWER: The best guidance for identifying priorities for science and technology
programs can be found in the report "Technology for America's Economic Growth: A
New Direction to Build Economic Strength" (released by the White House in February
1993) In this report, President Clinton and Vice President Gore outline three goals for

the nation's science and technology policies:

Long term economic growth that creates jobs and protects the environment.

Making government more efficient and more responsive.

World leadership in basic science, mathematics, and engineering.

These three goals set forth a national strategy fo> investing in research and education
in science and engineering. The National Science and Technology Council is currently

working to ensure that the government's portfolio of research and development
Investments Is properly aligned with these goals.

NSF cunently supports a range of activities that fulfill one or more of these goals
simultaneously. For example, NSF's program in environmentally benign synthesis and
processing supports cutting edge research in chemistry and chemical engineering and
holds the potential to create new industries in "green manufacturing." The clean car
program is another example of a set of activities that link fundamental research with
challenges facing the industrial secto r

.
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Similar examples can be found in the High Performance Computing and
Communications (HPCC) initiative. First, the "Grand Challenges" are employing HPCC
technologies to explore the frontiers of science and engineering. Second, HPCC's
investments in research and infrastructure are a key to Industrial competitiveness.

Third, a number of HPCC technologies have become key tools for reinventing

government; for example, Mosaic, a software system developed at the National Center

for Supercomputing Applications, is quickly becoming the principal tool used by Federal

agencies, universities, and other organizations to disseminate information to the public.

These linkages and synergies can be found in many NSF programs, and they hold the

key to the agency's future. I believe that a new paradigm Is emerging for science policy

in America A key event in the formation of this emerging paradigm was the recent

"Forum on Science in the National Interest," where many in the community came to

realize that the research enterprise would benefit tremendously from developing a

sharper focus on the nation's priorities.

This emerging paradigm for science policy is based on four principles. The first of

these is related to the issue discussed above: linking basic research more closely to its

potential uses. For generations, our science policy has been based on a linear model

that casts basic research and its uses as separate and distinct points on an assembly

line. They were kept in isolation from each other and treated as if they were inherently

incompatible.

The emerging paradigm takes a more dynamic view of this relationship and recognizes

that the two should be integrated whenever possible. The Commission on the Future

of the National Science Foundation underscored this point in Its report, A Foundation

for the 21st Century. It wrote: "Concern over technology application and

competitiveness sometimes conjures a choice that budgeting Is decided on either the

criteria to please the scientists or to serve the public need. In reality these choices are

congruent."

The second principle of this emerging paradigm for science policy and for NSF is

preserving our "core values" -- namely, our commitment to excellence and creativity, as

manifested through investigator-initiated proposals and merit review by scientific peers.

We -- meaning NSF and the research and education community -- must continue to

emphasize excellence in all our activities This emphasis on excellence and the spirit of

competition is what has made our nation the world leader In science and technology,

and it is what has enabled America to garner 71 Nobel Prizes in last 20 years, while no

other nation has received more than 13.

These "core values" also Include maintaining an adequate level of Investment in high-

risk areas of research with little prospect for a short-term payoff. The Vice President

discussed this particular Issue at the Forum. He compared our research enterprise to a

library - "except rather than just storing knowledge, it is constantly generating

knowledge." He further stressed that this library, meaning our research portfolio, "must

not have any empty shelves."

The third principle that shapes this emerging paradigm is continuing to invest In

programs that facilitate cooperation and collaboration among industry, university, and
federal agencies, across science and engineering disciplines, and with other nations.

The benefits of these activities have become eminently clear, as the very nature of the

research process thrives on input from a diversity of perspectives These activities are

also essential to promoting the transfer of knowledge between universities and
industry. This is in keeping with the consensus view that "technology transfer is a

contact sport" (to use the words of former IBM Vice President John Armstrong).

The fourth and final principle underlying this emerging paradigm is NSF's commitment

to education and human resources. NSF is committed to improving education and
workforce training at all levels, so that al' Americans can obtain the skills and

knowledge needed to succeed In the workplace and participate in our democracy.

These four key principles - linking basic research more closely to its applications,

preserving our core values, facilitating cooperation and collaboration, and leading

reform and Improvement in education and human resources - provide vital touchstones

that will guide the future of the National Science Foundation.
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American Society for Engineering Education

NATIONAL SCIENCE FOUNDATION
Reauthorization

The Engineering Deans Council (HOC) of the Americao Society Tor

Engineering Education represents the more than 300 colleges of engineering

In the United States.

The EDC believes that the National Science Foundation, particularly

the Engineering Directorate, Is working to strike an effective balance between

Its historic support Tor curiosity driven research and support for research

aimed at meeting critical national objectives. While sustaining support for Its

broad research areas, the Foundation estimates that 75 percent of Its requested

budget Increase for research In FY 1995 Is for work In national strategic

areas.

NSF Is also providing real leadership to the academic community. In

the Engineering Directorate, for example, the Engineering Research Centers

program has become an International model for fostering Interdisciplinary

work by universities and Industry. The Engineering Education Coalitions

program, consisting of broad and diverse groups of Institutions, Is working
to revolutionize engineering education and make It accessible and exciting for

a wide array of students.

Given the Foundation's leadership In balancing priorities and helping

the academic community better serve the nation, we make the following

recommendations:

o We urge Congress to provide NSF with flexible aulhoriratton

language. The more programs and activities the Foundation Is

required to do by statute, the less capability It has to provide

leadership In new areas and under changing circumstances.

o We also request that Congress provide explicit permission to NSF
to continue the Industry Experts In the Classroom program
Initiated under the Technology Reinvestment Program, (see

attachment.)

o While It Is valuable to re examine the organizational structure of NSF
on a regular basis, we recommend that any Congressional review
look nt a full range of models-including the exlsMnr structure—and
provide full consultation with the academic community.

Industrial Experts In jhe Classroom

A Proposal for Reauthorization of the

National Science Foundation
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One means of Improving technology transfer and manufacturing-related education for the

nation's engineering students Is by encouraging appropriate Industry experts to work In

engineering colleges.

Congress has approved such a program -first a* part of the Department of Defense FY
1992 authorization, and then »s part of the f Y 1993 Technology Reinvestment Project

(TRr) -entitled Manufacturing Experts In the Classroom. We propose that the National

Science Foundation be authorized to develop I program to continue this type of activity.

Under this proposal, an engineering college and I compwiy or I group of small

companies In the same Industry would submit a Jntnt application for support of an

Industry expert to work at the engineering college for at least one year. Personnel

selected for such positions would have expertise In technology transfer and/or

manufacturing, experience In managing technological Innovation, demonstrated teaching
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ability ind strong Intellectual credibility (t rh.D. debtee wou!i not he required).

Manufacturing would Include but not be limited to such areaj u process engineering,

systems Integration and computer software technology.

The Industrial expert would be required to teach at the undergraduate or graduate level

and to engage In technology transfer activities. The Individual should also participate In

such faculty activities as curriculum development and academic affairs committees.

The purpose of the collaboration Is to:

I.) Improve the partnership between Industry and academe;

J.) enhance the Importance of manufacturing In all engineering curricula; and

3.) Improve the transfer of knowledge to Industrial use.

Support for the technology transfer 'manufacturing expert would be shared through I

50/50 match between the National Science Foundation and the engineering

collcpe/lndustry partnership. F.ltglble partnerships could request grant funding of up to

$100,000 per Industrial expert for up to three years; partnerships would provide as In-

eash or In kind contribution at least equal to the amount of the grant requested. Grant

funding could be used for salary and benefits for the Industrial expert, as well u actual

costs of the Industrial expert's programmatic activities. No Indirect costs, Including

administrative costs and purchases of equipment, could be charged to the grant.

The program would be administered through the Engineering Directorate of the

NSF. The FY 1995 and 1996 authorization levels would be $5 million.

Senator Mikulski. This committee now stands in adjournment,
subject to the call of the chair.

[Whereupon, at 11:45 a.m., the committee was adjourned.]

77-815 O - 94 (96)



ISBN 0-16-044416-0

9 780160"444166

90000


